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AERO ENGINEERING 

INTRODUCTION 

T he Aeroplane Industry is one which during the past two decades 
has suffered inany vicissitudes. After long and persevering work 
it has now arrived at the stage where almost every manufacturer has as 
much work as he can cope with. 

The Air Expansion Scheme has given a great fillip to the industry, 
and it is not unreasonable to expect that the rapid development which 
is now taking place in connection with Military Aircraft wlU be followed 
or accompanied by a gradually expanding market for civil types. 

The production of airframes and aero engines, and the many different 
types of equipment which are used in the modern aeroplane, require a 
highly specialised type of craftsmanship. 

The rapid expansion of the industry is drawing into its ranks many 
men who hitherto have been employed in other branches of engineering 
or associated trades. 

One of the primary objects of the present work is to provide in a 
convenient form for this type of engineer a comprehensive and reliable 
work of reference on the subject of Aircraft Construction, Production, 
Maintenance and Overhaul. The wide adoption of metal construction— 
particularly in connection with mihtary aeroplanes—^has rendered a 
work of this kind necessary even for those men who have been for many 
years associated with the Aircraft Industry. 

Never before has the whole aspect of aircraft production and main¬ 
tenance, from the original specification to the forty-hours’ inspection 
schedule, been covered within the confines of a single work. 

The operative in the production shops, whether engaged upon air¬ 
frame construction or upon the machining, fitting, assembly or testing 
of aeroplanes, wiU find the information contained in the following pages 
ideally adapted to his needs. 

Information on the production side has been contributed by men 
closely associated with this work in some of the largest aeroplane and 
engine factories in the country. 

In fact, it is only through the courteous and cordial co-operation of 
so many of the large manufacturers, who realise the need for a work of 
this description, that we have been able to deal so thoroughly and in 
such a practical manner with some of the leading types of British aircraft, 
both from the production side and also from the point of view of the 
ground engineer. 

Comparatively little space has been devoted in this work to the 
purely descriptive side of the subject. This, we believe, has already been 
covered very well in the excellent technical periodicals—notably Might 
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and The Aeroplane —which week by week present a record of progress in the 
industry, w^hilst the popular aspect is admirably covered in Popular Flying. 

Ai the same time, it has been realised that for the men w^ho have 
newdy entered the Aircraft Industry it is essential to have a broad survey 
of the underlying principles governing the design of aeroplanes and the 
leading types of aircraft which have been perfected during the past few years, 

This information is necessary in order that the reader can obtain 
an intelligent view^ of the w^hole scheme in w^hich his own activities may 
form a minor—though none the less important—part. 

The man who merely washes to earn a living in an aeroplane factoiy 
and who is devoid of any ambition to hold a position of responsibility in 
the industry will not need this comprehensive survey of modern practice. 

The present work is, however, intended for those men who realise 
the vast potentiahties of this industry and who are anxious to prepare 
themselves to take advantage of the opportunities wdiicli will present 
themselves as the expansion continues. 

In compihng this work we have found that each maker of aircraft 
has his own methods, based upon the practical experience gained in past 
years. In a few cases, these processes and methods arc of a more or less 
secret nature—^but, generally speaking, we have been able to sccairc 
information and photographs which give most useful information rcigard- 
ing the most up-to-date practice in aircraft production, scrvica’ng, over¬ 
haul and repair. 

This interchange of ideas between the leading manufacturers cannot 
fail to be productive of further progress. 

We take this opportunity of expressing our appreciation cd:’ the 
assistance afforded to us by the following :— 


TheDe Havilland Aircraft Co. Ltd. 
Rolls Royce Ltd. 

Hawker Aircraft Ltd. 
Claudel-Hobson Carburetters Ltd. 
Marconi’s Wireless Telegraph Co. 
Ltd. 

A. y. Roe & Co. Ltd. 

The Bristol Aeroplane Go. Ltd. 
Handley Page Ltd. 

Airspeed (1934) Ltd. 

The Pairey Aviation Co. Ltd. 


Imperial Airways. 

Cirrus -Hermes E ng i i ri ng Co. 
Ltd, 

Blackburn Aircraft Ltd. 

Saunders-Roe Ltd. 

Phillips & Powds Aircraft Ltd. 
Pobjoy Airmotors & Aircraft J^td. 
Percival Aircraft Ltd. 

Short Bros. Ltd. 

The British Oxygen Co. Ltd. 
Bendix Ltd. 


In conclusion, we offer this work to practical men in the industry 
and to those about to enter the industry, in the hope tliat they will find 
the information not only of the greatest practical utility, but also presented 
in a manner which enables it to be readily absorbed. 

H. N. 

E. M. 



ESSENTIAL REQUIREMENTS OF 
MODERN AEROPLANES 

SECTION l-TYPES OF AEROPLANE AND 
DESIGN OF POWER PLANT 

By H. Nelson, A.MJ.Mae.E. 

AERO ENGINEERING involves consideration of the foUow- 
/\ing 

(a) Materials. (e) Structures. 

(b) Workshop equipment. (/) Inspections and tests. 

(c) Workshop processes. (g) Maintenance. 

(d) Manufacture of parts. {h) Operating equipment. 

Aeroplane materials, their physical and chemical properties, the effects 
of impurities and structural defects, the uses to which they are put and, 
in important instances, the essential metallurgical properties will be 
described. 

Under the heading of workshop processes the various forming, shaping, 
conditioning, joining and protective operations such as seasoning, heat 
treatment, brazing, welding and anti-corrosive treatments, etc., are 
included. 

Consideration of the manufacture of parts such as longerons, struts, 
wires, fittings, etc., is followed by the assembly of parts in the erection of 
an airframe. 

Inspections and tests will be described over the entire range from raw 
materials to the finished article. 

The various maintenance problems including operating inspections, 
upkeep routine and repair procedure are dealt with in sequence. 

Operating equipment such as parachutes, oxygen apparatus, etc., will 
be considered. 

Essential Parts of an Aeroplane 

An aeroplane must meet several requirements. The first is a means 
of keeping itself supported in the air ; tlm wings are designed to provide 
lift when they are moved rapidly throughlhe air. The second is a method 
of protecting the crew, passengers and load ; this is met by the fuselage, 
nacelle or hull. The third is a power plant to give the necessary power 
to overcome the drag of the aeroplane through the air. The fourth is a 
means to enable the crew to direct the flight of the aeroplane correctly; 
this is fulfilled by the control surfaces. The fifth requirement is a means 
of supporting the aeroplane when at rest, when taking off, and when land¬ 
ing ; this is met by the landing gear. 

3 
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Fig. 1. — De havilland “tiger-moth” two-vSeater training biplanes in upside- 

down FORMATION. 


These aeroplanes are capable of slow landing and take-off sfioods and acrobat.ics, aw 
shown above. 


An aeroplane is distinctive in that it must be provided with mca.ns 
to control it in three dimensions. It is necessary to have a rudder, 
elevator and ailerons to keep it on an even keel in straight flight or for 
varying its attitude in flight as necessary. 

Vital Characteristics 

The designer of an aeroplane having an engine of a known power and 
given loading and space requirements attempts to embody the following :— 

(а) The lowest possible landing spe^d for a given wing area. 

(б) The highest possible flying speed. 

(c) The best rate of climb, 

{d) The desired amount of stabihty. 

(e) Good visibility. 

(/) The best strength weight ratio. 

(gr) Minimum head resistance. 

The first three characteristics depend primarily on the selection of 
suitable aerofoils. Stability and visibility depend largely on the design. 
The remaining characteristics are influenced by the selection and manu¬ 
facture of structural materials. 
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Fig. 2.—Convertible erom civil to military purposes—the airspeed envoy. 

This can be converted from a passenger or freight liner into a fast-medium bomber in 
eight hours. Note the gun turret. Supplied to the Government of the Union of South 
Africa for their Air Force. 

Essential Structural Qualities 

In addition to the performance characteristics there are structural 
qualities essential to successful operation. These are :— 

(a) Suificient rigidity to prevent vibration and distortion. 

(b) Flexibihty sufficient to absorb and distribute shocks and uneven 

strains, 

(c) Parts which wiU show definite signs of deterioration prior to 

actual failure. 

(d) Materials which are homogeneous, resistant to fatigue, etc. 

(e) Maximum resistance to deterioration from corrosion. 

(/) Accessibility and simphcity of repair from the power plant, 
airframe and equipment standpoint. 

s 

Requirements of a Successful Aeroplane 

Consideration of the previous notes leads to the conclusion that a 
successful aeroplane must, at best, be a compromise owing to conflicting 
requirements. For example an aeroplane designed for ease of repair will 
have a greater head resistance than one in which this feature is ignored. 
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A successful aeroplane must, therefore, meet the undermentioned reqniT*e- 
ments in order of relative importance :—■ 

(a) The design must be such that the aeroplane will best perform the 

functions for whicli it is built. 

(b) The aeroplane must be built as cheaply and simply as possible. 

(c) Repair and maintenance must require a minimum of expense and 

time. 

(d) The aeroplane must be as far as possible aerodynamically efficient. 
Classification of Aeroplanes 

Aeroplanes may be classified in five general ways, vk., witli respect 
to :— 

(а) The position of the airscrew in relation to tlie wings. 

(б) The number and arrangement of the engines. 

(c) The number and arrangement of the wings. 

(d) The arrangement for landing and taking off. 

(e) The purpose for which it is designed. 

“Pusher “ and “ Tractor ” Types 

The first aeroplane to be successfully flown had the airscrew placed 
behind the wings. An engine-airscrew unit of this type is designated a 
pusher.” Later aeroplanes have the airscrew mounted in front of tlie 
wmgs and are called “ tractors.” 

Single-, Twin- and Multi-engined Types 

yroplanes are known as single-, twin-or multi-engined. They may 

be iurther designated as twin- or twin-tandem. Twin indicates that the 
two ^gines are side by side, while twin-tandem indicates that one engine 
is m front of the other. ^ 


Mono-, Bi- and Mxxlti-plane Types 

The monoplme is an aeroplane with only one main supporting surface 
or plane, sometimes divided into two parts by the fuselage. A biplane is 
A supporting surfaces one above the^ other 

AeSt, t supporting surfaces one above the other 

teSS SSpLZ" in genorai 

Landplane, Seaplane and Flying Boat 

on structme of an aeroplane is designed to carry the load when 
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Fig. 3.—The hawker hart two-seater bay bomber. 

usually termed the flying boat, the huU serves both as a flotation unit and 
also houses the crew, controls, tanks, etc. 

MILITARY AEROPLANES 
Duties for which they are Designed 

Military aeroplanes must be of superior performance to the corre¬ 
sponding enemy type. The following are types required for specified 
purposes :— 

(a) Fighter. {d) Torpedo. 

(b) Army or JSTavy reconnaissance. (e) Troop carriers. 

(c) Bomber (day or night). (/) Training. 

Requirements of Military Types 

Military aeroplanes must embody, as far as possible, all the require¬ 
ments mentioned previously, as well as those of unobstructed vision in 
all directions, and the installation of military equipment for efficient 
operation. These conditions will conflict with those for aerodynamic 
efficiency. 

Fighters 

A fighter may be either a single- or two-seater aeroplane. A single- 
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Mg , 4.—^MoNOPLAJNTE for military air TRAININa, 


A Miles Hawk-Major trainer supplied to the Koumanian Governmont for thoir Air .Force. 
The maximum speed is 150 m.p.h. The training type of aeroplane has dual controls. Notci 
the excellent field of visibility. 

seater fighter is constructed for use from land or from aircraft carriers. 
The difference between the two types is the limit of performance due to 
the requirements for landing. 

The landing speed of the latter type must be low enough for the 
arrester gear of the carrier, so that considerably higher performance 
can be expected from the former. The term performance covers moi*e 
than merely maximum speed, which is usually accepted as the chief 
criterion of an aeroplane. 

Speed without a high rate of climb is useless, and without manoeuvr¬ 
ability the military advantages of speed and climb are lost. Speed, climb 
and manoeuvrability are all made ineffective if the aeroplane has not 
sufficient power to enable the pilot to choose his own time and mode of 
attack. This calls for altitude advantage or a superior ceiling. Ability 
to attain an altitude advantage depends upon a high rate of climb, not 
merely at sea-level^ but at fighting altitudes. This necessitates lighter 
wg loading, and the employment of supercharged engines. Without 
adequate vision the pilot is severely handicapped, blind spots must 
therefore be kept to a minimum. Guns must be placed in such a manner 
that jams can be cleared easily, 
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Fig. 5. —Ten-passengeb, mail a^d freight carrier. 

The four-engined de Havilland 86 commercial. Maximum speed 175 m.p.h. 

Factors of safety must be adequate for all accelerations required of 
the aeroplane and controllability must be exceptional over the complete 
range of speed. 

Army or Navy Reconnaissance 

Reconnaissance aeroplanes are generally two- or three-seaters. The 
desirability of having reconnaissance aeroplanes operating from sub¬ 
marines has brought into being the single-seater reconnaissance type. 
The employment differs widely. The single-seater reconnaissance type to 
operate from a submarine must be stowed aboard, making rapid assembly 
and dismantling the essential requirements. The stowage facilities must 
necessarily be cramped owing to the limited deck space available. In 
consequence, a small aeroplane must be employed, with performance as 
to speed, ceiling and manoeuvrability secondary to reliable communica¬ 
tion and rapid assembly and dismantling features. The two-seater 
reconnaissance type is used primarily to increase the radius of action, 
or by radio communication to send information concerning the numbers, 
position and movements of the enemy. For proper fulfilment of its 
mission, blind spots must be limited as far as practicable. 

Bombers (Day and Night) and Torpedo Aeroplanes 

Bombers (day and night) and torpedo types are load carriers. The 
bomber has its bomb load together with a fuel load sufficient for the 
necessary range. The demands dictated by the carrying of heavy loads 
causes the sacrifice of so many flying qualities that offensive combat is 
hampered. Reliance has to be placed upon supporting fighters and upon 
well-disposed defensive armament. 
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Troop Carriers 

These are load carriers and are essentially of a large type. The value 
of speed should not be lost sight of, in view of the possibility of eonti-aiy 
winds reducing tlioir effective range. 

Training 

The training type is dual control, strong and reliable, capable of aero¬ 
batics and with excellent visibility. It should permit of easy installation 
of engines, be capable of quick assembly and dismantliTig and of economical 
upkeep. Slow landing and taking-off speeds are the primary c.sscnl ials. 
E.vtreme ease and quickness of recovery to normal from abnormal atti¬ 
tudes of flight are essential. 

The Development of the Aeroplane 

Mih tary aeroplanes involve much more than design and constrnction. 
They shordd be capable of mass production, be comparatively free from 
structural and power plant failures, and be suitable for their intended 
duties. Aeroplanes are therefore classed by types as experimental or 
service—^the former being chosen—the latter are only accepted after 
exhaustive tests. The first aeroplane to be completed may differ in many 
respects from the original design. The specification is the starting point 
of the design. Wind-tunnel tests will require to be made on a model to 
ensure the performance requirements being met. Exhaustive loading 
tests will have to be made on various parts of the structure to verify 
the stress analysis and ensure that the strength requirements are met. 
A “ mock-up ” of the cockpits will probably be required to ensure 
economic and efficient utilisation of space. These tests may dictate 
various changes which may make the completed article differ' radically 
from its original conception. 

CIVIL AEROPLANES 

An aeroplane is, as a rule, designed for some particular purpose. 
The more liimted the purpose the easier the design and manufacture. 
If load-carrying is the purpose for which an aeroplane is required one 
can readily be built to carry the load. If a considerable degree of 
manoeuvrability is required in addition its carrying capacity and stabi¬ 
lity will both suffer. If an all-purpose type is desired, it must be under¬ 
stood that it cannot be as satisfactory for each purpose. 

Duties for which they are Designed 

aeroplanes must be designed to meet specific requirements 
ihe following are the usual types :— 

(a) Large type passenger. (c) Single-seater owner-pilot. 

( ) Cargo and mails. (d) Two- or more seater owner-pilot, 

(e) Two- or more seater passenger. 



ESSENTIAL EEQUIREMENTS 


[VOL. I.] 11 



Fig. 6.—A TWIN-ENGINED MULTI-PTJEPOSE BIPLANE—THE D.H. 90 “ DEAGONFLY.” 

Used for light traffic air lines, air survey, etc., with accommodation for five persons. 


Requirements of Civil Types 

Civil aeroplanes must meet normal aerodynamic requirements. 
Reliability is the primary essential to which speed is a secondary considera¬ 
tion. The pay-load must be as large as possible in relation to operating 
costs. They should be designed in such a way that routine inspections 
can be carried out easily and effectively. 

Large Type Passenger Aeroplanes 

These are essentially load carriers and must carry a sujfficient reserve 
of fuel to ensure arrival at the end of their longest intended journeys. 
The demands dictated by a heavy pay-load entail the sacrifice of certain 
flying qualities. High speed and manceuvrabflity must be sacrificed 
to a certain extent. The comfort of the passengers has also to be con¬ 
sidered. 

Cargo and Mail Types 

The requirements are similar to those of large passenger aeroplanes, 
but speed may be considered to the slight detriment of loading and 
they should be designed for night flying. 
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7.—Two-seater light ’plante pob owner-pilot, club an3:> training purposes. 


Single-Seater Owner-Pilot Types 

The construction of these types is, to a certain extent, dictated by 
the requirements of the individual. In general they should be strong and 
reliable, capable of aerobatics and economical in upkeep. Slow landing 
and taking-ofiP speeds are of importance. 

Two- (or more) Seater Owner-Pilot Type 

Similar to the single-seater owner-pilot type, but of heavier maximum 
loading. 

Two- (or more) Seater Passenger Type 

This type must be capable of transporting a few passengers at reason¬ 
ably fast speeds to their destination, speed being considered as more 
important than loading for this type of aeroplane. 

PERFORMANCE AND DESIGN 

y-'^Performance Tests 

Aeroplane performance depends to a large extent on the weight of 
the finished article with the equipment installed and full normal load. 
The completed aeroplane is weighed both empty and with full load. 
Performance tests then carried out consist in the determination of:— 
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Fig. S.— Pbivate use ’plane (percival “ vega gttll ”). 

A three-seat cabin monoplane. Flown by Miss J. Batten when she beat the England to 
Australia record in 5 days, 21 hours, 3 minutes. Winner of King’s Cup, 1936. 

(a) The maximum and minimum speeds in horizontal flight at 

various altitudes. 

(b) The best rate of climb at various altitudes up to the aeroplane’s 

ceiling. 

(c) The time required to climb to various altitudes up to the ceiling. 

(d) The ceiling or altitude at which the rate of climb drops to 100 ft. 

per minute. 

(e) The absolute ceiling or altitude beyond which it cannot climb. 

(/) The best gliding angle. 

(g) The landing speed. 

(h) The stability, manoeuvrability and controllability. 

(i) The taxi-ing or, if a seaplane, the rough water handling qualities. 

If the specified requirements are not met, the design is altered until 
it is satisfactory. Careful design, wind-tunnel tests, etc., minimise the 
possibility of failures. 

Principles of Design 

In designing an aeroplane the power plant should be decided upon 
first. To enable the performance to he predicted the power loading, 
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that is, the -iveight to be lifted per horsepower, must be known. The 
following details of the power plant must be known before proceeding 

with the design. 

(a) Weight and space occupied. (c) Economy. 

(b) Flexibility and installation. (d) Availability. 

Power Loading—Some Vital Figures 

Experience over a long period has established the fact that the power 
loading of an aeroplane must not exceed 25 lb. per h.p. As an example, 
an aeroplane of 10,000 lbs. would require a power unit capable of develop¬ 
ing a minimum of 400 h.p., otherwise performance characteristics would 
be sacrificed. Most aeroplanes do not approach this value. Fighter 
types are approximately 7| lb. per h.p. All development towards success¬ 
ful flight, such as carrying capacity, range, speed, rate of climb, ceiling 
and safety, calls for decrease in power loading. Engine weight per h.p. 
must therefore be reduced as far as possible. 

How to Calculate the Power Loading 

The all-up weight may be estimated closely when the engine has been 
selected, as follows :— 

(a) The weight of fuel for the desired endurance is obtained from the 

fuel consumption of the engine. 

(b) The weight of oil required is normally about 10 per cent, of the 

fuel by volume. 

(c) The weight of the power plant and its accessories. 

(d) The weight of the useful load, including the crew and equipment. 

The above give the total weight of the aeroplane less the 
structure. 

(e) The weight of the structure. This is usually estimated by 

dividing the total weight less structure by 0*70. 

The total all-up weight thus obtained is divided by the normal rated 
h.p. of the power plant to determine the estimated power loading. The 
characteristics of the aeroplane may be predicted to be similar to those 
of an existing type with the same power loading. 

.y Selection of an Engine 

In selecting a power plant for an aeroplane the essential requii‘ements 
should embrace :— 

(a) Reliability. (g) High strength weight ratio. 

(b) Minimum weight per h.p. (h) Small size. 

(c) Economy in fuel and oil. (i) Lack of vibration. 

(d) Durability. (j) Interchangeability of parts. 

(e) Availability of spares. (i) Speed ratio. 

(/) Low cost. ^ (i) Sustained maximum of output. 

(m) Suitability for mass production. 
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Two- or three-passenger biplane for feeder routes to air liner. The Fox Moth. 

Choice Between Air- and Liquid-Cooled Engines 

A point to be settled early is whether air-cooled or liquid-cooled 
engines are to be used. The advantages of air-cooled over hquid-cooled 
engines are as follows :— 

(a) Lower weight per b.h.p. due to elimination of radiators, liquid 

pipes, etc. . 

(b) Parts are more accessible for repairs, due to simplicity oi con¬ 

struction. . . T , 1 1 -T 

(c) No likelihood of forced landings due to hquid leaks, or boilmg in 

hot weather. ^ ^ v • x- 

(d) In military types, less vulnerability to gunfire due to elimination 

of liquid system. 

The disadvantages are :— 

la) Greater frontal area which requires streamhning. This is partly 
counteracted by the radiator in the liquid-cooled engine. 

(b) Less efficient coohng which hmits the size of the cylinders, the 

mean effective pressure and the number of cylinders that may 

be employed. . x r i 

(c) Slightly poorer visibility for the pilot, owing to greater irontal 

area. 


16 [VOL. I.] PRINCIPLES AND CONSTRUCTION 
Engine Arrangement 

When the load and performance requirements call for high power, 
two or more engines may be needed. With two engines, either tandem 
or twin tractor installation may be employed. The advantages of the 
tandem arrangements are ;— 

(а) Less head resistance. 

(б) The power is applied along the centre line of the aeroplane, so 

if one engine cuts out, the rudder need not be applied. 

(c) Shorter lengths of fuel lines therefore less trouble with connections 

and leakage. 

(d) Shorter lengths and simpler arrangement of engine and controls. 

(e) The installation is easier for inspection purposes. 

(/) The engines are easier to support. 

The disadvantages are as follows :— 

(a) Less flexibility of control in the air as a result of the centre-line 

position of the engines. 

(b) With the forward engine cut out, the airscrew of the rear engine 

operates at low efficiency, as it is designed to work in the slip¬ 
stream of the forward airscr^pw. 

(c) With air-cooled engines the cooling of the rear engine is very 

inefficient. 

The quadruple and sometimes the triple tractor arrangement is 
favoured in general utility aeroplanes, owing to the safety factor afforded if 
one engine cuts out it does not necessarily terminate the flight as it 
usually does when the total power is divided between two engines only. 

Reduction Gears 

A geared drive in the engine is to obtain increased airscrew efficiency 
as well as increased thrust at take off. Airscrew revolutions should be 
approximately 10 r.p.m. per mile per hour ; thus, in an aeroplane doing 
120 m.p.h. the airscrew speed should not exceed 1,200 r.p.m. If high 
power is obtained by high crankshaft speeds a '' reduction gear ’’ must 
be incorporated in the engine design for airscrew efficiency. Witli geared 
engines the following improved performances may be expected :— 

(а) Shorter run to take off. (c) Greater range. 

(б) Greater take-off load. (d) Increased climbing speed. 

(e) Higher top speed. 

With the advantages of reduction gears certain disadvantages arise. 

The weight is increased. 

The reduction gear mechanism and the stresses involved complicate 
the engine design. 

Reduction gearing is always a potential source of mechanical trouble 
and this, coupled with its additional cost, is against its use. 
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Fig. 1.— TwiN-BNemED passenqi® or beeioht-oabr-sxn'S biplaub. 

The D.H. “ Dragon.” An eight-seater. Maximum speed 130 m.p.h. Note that two-bay 
wing bracing is employed. 

I N Section 1 of this article, we considered the essential requirements of 
aeroplanes for different purposes and the design of the power plant. We 
will now consider the relative advantages of biplane and monoplane con¬ 
struction, and other factors affecting design. 

BIPLANE V. MONOPLANE 
Aerodynamic Advantages of Biplane Construction 

(a) Slightly better control and manceuvrability are obtained. 

(6) The position of the centre of pressure may be adjusted by altering 
the arrangement of the planes to alter the stability. 

(c) There is less tendency to wing flutter. 

{d) The designer can vary the gap-chord ratio and the stagger to 
improve the longitudinal stabiflty. 

(e) The ailerons are closer to the fuselage which gives lighter aileron 
control and improves the manceuvrability. 

Aerodynamic Disadvantages of Biplane Construction 

(a) Interference of the air flow between the planes is bound to occur. 
(6) Double the number of plane tips result in loss of lift and increased 
drag. 
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(c) Increased head 
resistance due 
to struts, 
wires and ex- 

Fig. 2 .—In the monoplane stresses on the wincjs are temal fittings. 

TAKEN INTEENAELY. ^ 

Methods of construction vary. Two typical oxainples aro above rriveu 

given in Figs. 3 and 4. ? to ' 

equal a s p e c t 

ratios, a biplane will have a smaller lift coefficient and a smaller lift-drag 
ratio at aU angles of attack. 

Aspect Ratio of an Aerofoil 

The ratio of the span to the mean chord of a wing is fairly well cistal)- 
lished. The number of aerofoils and their areas must now be determined. 
Improved vision and structural arrangements vdll probably liave to be 
made as the design progresses, involving minor alterations in the size 
and position of the aerofoils. 

Cantilever Wings 

Pig. 2 may be of single-, two- or multi-spar construction, the stresses 
are taken internally. The method of construction varies and will be 
dealt with under the various types of aeroplanes. 



Wing Bracing 

The method of bracing employed depends mainly on the aspect ratio 



Mg. 3. A TYPICAL SINGLE SPAR CONSTRUCTION EOR THE CANTILEVER 
WINGS OP MONOPLANES. 


and tlic aero¬ 
foil section 
chosen. I t 
may be in- 
t e r n a 1 1 y 
braced if the 
aspect ratio is 
low or if a 
thick aerofoil 
section is 
selected. As 
the aspect 
ratio increases 
external 
bracing is 
most econo¬ 
mical. 
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Fig. 4.—Typical multi-spar cokstruction por the cantilever wings of monoplanes. 

Single Bay Bracings 

Fig. 5 shows a common method of single bay bracing. 

In Fig. 6 the outer strut is employed to prevent torsion and vibration 
of the wings. 

Two-Bay Bracing 

If the span is further increased the employment of a two-bay bracing 
as shown in Figs. 7, 8, and 9 is necessary. That shown in Fig. 7 is the 
most common. Unequal bays are sometimes employed, the outer being 
from 30 to 40 per cent, longer than the inner. 

In Fig. 8 the stress may change direction in all members, so that 
steel tubing supplants wires, Avooden struts being unsuitable to take 
the tension required. It is usual to alter the bracing as shown by the 
dotted lines in order that the members in compression for normal flight 
may be as short as possible. This type is heavier than that in Fig. 7. 

Fig. 9 may be considered as a two-bay structure or as a single-bay 
bracing, in which the lower spar is a bracing beam with a strut at the 
centre. An advantage of this type is that the wires at all times are in 
tension, and the spars always in compression. This type is impracticable 
in spans of over 30 ft., as the bracing becomes too flat, owing to the small 
gap. 

Triplane Bracing 

Triplane bracings are of two main types. These are shown in Figs. 
10 and 11. In Fig. 10 the analysis is the same as that for the bracing 
shown in Fig. 9. 

The second, Fig. 11, is a double bracing similar to that in Fig. 7. 
Here the wires may be attached to the centre aerofoil, or may be passed 
through holes in it. 


2—2 
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AILERON BALANCE CABLE-. 



STARBOARD 
.OWER AILERON 

STARBOARD LOWER MAIN PLANE 

HrDROVANE 


PORT 
LOWER AILERON 


PORT LOWER MAIN PLANE 
U/C CROSS BRACING WIRES 


Fig. 5. —SlITGLE BAY BBACING-A VERY COMMON MlSTllOD. 


Wing Loading 

The area of the wings and the weight of tlie aeroplane having been 
determined, a check is possible on the wing loading which is the result 
of the former divided by the latter. The amount of the wing loading 
and the magnitude of the maximum lift coefficient of the aerofoil in 
turn determines the minimum speed of the aeroplane in steady horizontal 
flight. The wing loading varies for the different types of aeroplane as 
shown in the following table ;— 


Type of 
Aeroplane. 

Fighter 

Reconnaissance 
Training 
Torpedo 
General purpose 


Wing Loading- 
Ibs./sq. ffc. 

• — 12 
. 9 — 12 

.7 — 9 

.11 — 13 
. 13 — 16 


Fuselage Dimensions 

The minimum fuselage depth for a normal aeroplane is 42 in. if the 
pilot is to be protected from the air pressure. In military aeroplanes 
where the gunner may have to stand to operate his guns, at least 5 ft. 
is required if he is to be protected from the air pressure. An advantage 

of a deep fuselage 



Fig. 6.—Single bay bracing. 


ju c? 

is that it may be 
constructed some¬ 
what lighter than 
a shallow one and 
still have equal or 
greater strength 
where most 
needed. 
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The vertical 
loads are much 
greater than the 
horizontal, so that 
greater strength is 
needed in the ver¬ 
tical plane where 
the deep bracing 
gives increased 
strength. 

Minimum Sizes 

The minimum 
limit on fuselage 
width is 26 in. If 
narrower than this 
the pilot has in¬ 
sufficient room to 
use the controls 
and he will suffer 
discomfort due to 
being cramped. 
Width in excess of 
the minimum is a 
disadvantage a s 
visibility is im¬ 
paired and head 
resistance in¬ 
creased. 

STRUCTURAL 

CONSIDERATIONS 

Wood versus Metal 

One of the first 
considerations to 
be settled by the 
designer is whether 
to use metal or 
wood for the aero¬ 
plane construction. 
The advantages 
and disadvantages 
are as follows :— 



Fig. 7.—^Two-bay bracing. 

The above method is the most common for two-bay bracing. 
Unequal bays are sometimes employed. 



Fig. 8.—Two-bay bracing. 


Steel tube struts are used in this case because the members 
may come under compression and tension. This type is 
heavier than in Fig. 7. 



9. —A TWO-BAY STRUCTURE WHICH MAY ALSO BE CON¬ 
SIDERED AS A SINGLE BAY BRACING. 

This type is impracticable in spans over 30 ft. 



Fig. 10.—^Trlplane bracing. 


The bracing is similar to that shown in Fig. 9. 



Fig. 11. -^Another type oe triplane bracing. 
This has double bracing similar to that in Fig. 7. 
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Advantages of Metal 

(а) Costs compare favourably, and suitable timber is scarce. 

(б) Makes a neater job. 

(c) Metal yields and bends, has greater local strength and in a crash 
less danger to the occupant from splinters. 

{d) Less material wasted. 

[e] Greater strength for minimum weight. Wood does not possess 
well-defined properties; it varies with density, degree of 
humidity and source. Wood is not homogeneous. 

(/) Less possibhity of fire. 

[g) Greater rigidity. 

(h) No distortion or increase in weight due to moisture. 

Disadvantages of Metal 

(a) More difiScult to repair if away from a workshop. 

(b) In some cases there, is no early evidence of internal deterioration. 

(c) DiflSculty in the manufacture of a new type owing to expensive 

jigs. 

{d) If welded, strength of weld cannot be guaranteed. 

(e) Engme bearers difficult to replace except as entire mounting. 

In view of the numerous and important advantages of metal over wood 
construction, it is gradually supplanting the latter. 

The Question of Floats 

Metal floats have the following important advantages over wooden 
floats :— 

(a) The average life of a wooden float operating under normal condi¬ 

tions is approximately one year ; metal floats have a much 
longer life. 

(b) Metal floats compared on a basis of weight per pound displace¬ 

ment are from 7 to 10 per cent, lighter than wooden floats. 

(c) After a short time in use soakage may represent up to 10 per cent, 

of the weight of a wooden float. This is non-existent in a metal 
float. 

(d) Metal floats are less susceptible to deterioration through exposure 

if treated correctly against corrosion. 

(e) Damage as a result of a collision will probably be more localised 

in a metal float. 

A disadvantage is that metal floats are more costly when compared 
on a basis of cost per pound displacement. 

The advantages and disadvantages of various materials must be 
studied to determine the most acceptable for each part of the structure. 
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Little or no weight is saved with metal if exact duplication of design as 
visualised in wood is followed. With metal construction a weight saving 
of about 25 per cent, may reasonably be expected for the same strength as 
for wood. 

Structural Aspects of Size 

The size of an aeroplane is not only limited by the weight, but also 
its control in the air and the limit imposed by aerodromes. The employ¬ 
ment of servo-motors to actuate the controls together with brakes to 
shorten the run after landing have all raised the feasible limit of size. 
Weight may be reduced by using materials to the best advantage. The 
rectangular spar section of early aeroplanes has been superseded by 
J beam sections, which in turn have been supplanted by box girder 
sections in larger sizes and in very large aeroplanes by latticed sections 
or structures utilising the external skin for strength with a minimum of 
internal bracing. 

Simplicity of Structure 

The simpler the structure of the aeroplane, the greater will be the 
accuracy with which the designer can calculate the stresses in the various 
members and what materials it is best to employ. 

Where the structure is such that the stresses offer a wide range of 
possible values, it is essential to make the members strong enough to 
support the highest stresses which can be calculated. Excess weight 
will then be incorporated which will reduce the performance of the 
completed aeroplane. The more complicated the layout, the greater 
will be the chances of error in calculating the stresses. Simplicity of 
structure is therefore desirable. 

Less time will be required for manufacture and costs will be lower. 
Assembly and alignment will be easier. Complicated fittings have more 
points of possible weakness than simple ones. Manufiicture is easier 
with simple designs. This involves the following :— 

(a) Designing so that material will not be unduly wasted. 

(b) Avoiding the design of parts which are clumsy to handle and 

manufecture. 

(c) Designing the tools, jigs and fixtures which will simplify manu¬ 

facture. 

(d) Making as many parts as possible interchangeable. 

(e) Deciding as to whether parts shall be manufactured in the shop 

or suh-contracted for standard engineering parts. 

Accessibility of the Structure 

In order to give satisfactory service, the designer must consider the 
accessibility of the structure for periodic inspection, necessary repair 
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Fig . 17. —Metal type fuselage construction. 

In this case the wires are replaced by struts taking both tension 
and compression. 


and for easy and 
rapid installation 
and removal of 
the power plant, 
equipment and 
such parts as 
require frequent 
replacement. 

Periodic and 
careful inspection 
is of vital im¬ 
portance, Imme¬ 
diately deteriora¬ 
tion sets in it 
must be dis¬ 
covered. A11 
fittings must, as 
far as practical, 
be accessible. 


Inspection plates, cowling, etc., should be of adequate size not only 
to make inspection easy, but also to permit of quick repair. 

Removal of wood or metal skin subsequent to inspection and its 
replacement is almost as expensive as installing a new assembly and 
much more laborious. 


With fabric covering to wings and fuselage this is not the case. 
Removal, inspection, repair and recovering consume but a short time 
and a fraction of the expense. 

In aU aeroplanes the power plant and other equipment must he 
easily and quickly inspected and repaired if they are to operate efficiently. 
Speed is the essence of aeroplane activities, so that delays must be reduced 
to a minimum. The demand, however, for compactness often seriously 
affects accessibility. 


Structural Considerations 

Within the limits imposed by aerodynamic effectiveness and operai.ing 
function, the designer must consider :— 

{a) Maximum vision. 

{&) Comfort of the crew. 

(c) Ease of leaving the cockpit with parachutes. 

id) Safety of the personnel in minor crashes. 

The requirement of adequate vision is of the utmost importance with 
aercylanes. The pilot must have a field of view which will permit him to 
fly hjs aeroplane correctly as well as to take off and land witli safety. 
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With load-carrying 
aeroplanes this in¬ 
volves very exacting 
distribution of the 
structure. 

The blind area 
must be so mini¬ 
mised as to preclude 
the possibility of 
any other aeroplane 
approaching unseen. 

Comfort of the 
crew must be con- 
sidered, as this 
ensures better hand¬ 
ling of the controls 
and equipment over 
longer periods. 

In case of emergency, all members of the crew should be able to take 
to theu* parachutes with promptness and ease. This requirement entails 
a careful distribution of cockpits, struts, wires, etc. 

Injury in minor crashes may be largely obviated by well-distributed 
padding on sharp edges, avoidance of projections and the incorporation 
of a safety belt. 

Typical means of accomplishing these are outlined below. 

Fuselage 

[а) Trontal area of the engine of a single-tractor engine installation 

should be as small as possible to permit maximum vision ahead. 

(б) Cockpit openings should have ample room for the pilot to move 

head and shoulders and so permit him to look around and over 
the sides of the fuselage. Similar facilities are to a slightly 
lesser extent necessary for the crew. 

(c) The fuselage width should be of the minimum feasible for opera¬ 
tion and comfort, since a wide fuselage cuts down the view 
ahead and alongside. 

{d) Side windows are of value in deep fuselages to secure vision for¬ 
ward and downward. 

Fuselage Types and Characteristics 

The fuselage is to provide accommodation for the crew, useful load, 
equipment and in most cases, the power plant. It serves as a means of 
connection in large aeroplanes between the other component parts of the 
structure. It carries the tail and provides keel surface for directional 
stability. In itself it is a vital component where failure of any member 



Fig. 18. —Another metal type fuselage with 

TAKING both TENSION AND C03VIPRESSI0N. 
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Fig . 19. —Wooden monocoque fuselage consteuction. 

This type is usually made from three to five ply wood strip, wrapped in spirals around a 
form glued in place and reinforced at intervals by bulkheads. 


will be dangerous. The utmost care must be exercised in determining 
the stress in every individual member. 

Fuselages may be divided into the following general types :—> 

{a) “ Stick and wire ” type, made up of four longerons, together with 
vertical and horizontal struts of wood and diagonal bracing 
wires in the three dimensions. 

(6) Metal type, with welded or fitted connections for longerons, 
struts and wires. 

(c) Metal type, with longerons and struts, wires being replaced by 
struts taking both tension and compression. 

{ d ) Monocoque type, ordinarily made of from three to five ply wood 
strip, wrapped in spirals around a form glued in place and 
reinforced at intervals by bulkheads. In some cases longerons 
are incorporated as well as heavier bulkheads at smaller 
iatervals, and a thmner skin is employed. This type is, in 
some cases, made of metal. 

(e) Another form of construction is known as geodetic. This consists 
of curved geodetic members spiralling round the main longi¬ 
tudinal fi-ame members. 

/ 

Characteristics of Wing Bracing 

Before making an analysis of the wing bracing, the characteristics 
desirable should be considered. 

These are as follows :— 
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{a) Lightness. 

(6) Rigidity. 

(c) Low resistance. 

{d) Durability. 

(e) Low cost. 

(/) Ease of construction. 

{g) Ease of maintenance. 

(h) Ereedom from interference with vision. 

Wing members fall into two principal classes—^stressed members, 
and non-stressed members. In the first are :— 

{a) Spars. 

(6) Ribs. 

(c) Interplane struts. 

{d) Lift and anti-hft wires. 

(e) Drag and anti-drag wires. 

(/) Compression ribs. 

{g) Fabric (or other stressed wing covering). 

In the second are :— 

(а) Leading and trailing edges. 

(б) Former ribs. 

(c) Formers. 

(d) Streamlining. 

(e) Fairing pieces. 

The second group is designed to preserve the shape of the parts. 

Loads on Wing 
Bracing 

The loads 
affecting the wing 
bracing are deter¬ 
mined by three 
methods:—■ 

(а) Mathema¬ 
tical. 

(б) A combina¬ 
tion of wind-tunnel 
results and mathe- 
m a t i c a 1 calcula¬ 
tions. 

(c) Test flights. 



Fig, 20. —Mtctat. monocooue fuselage construction. 
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OLEO LEG AND MAIN PLANE FRONT SPAR FITTINGS 

Fig . 21.—Fbont end of metal typio fuselacjic. 


Characteristics of the Landing Gear 

Lift is obtained from the aerofoils. All other parts produce resistance. 
The landing gear constitutes a total loss, which is minimised by reducing 
weight and streamlining as much as possible or making it retractable. 

The landing gear may be of wheel or float type. The former consists 
of the undercarriage and the tail skid and the latter includes tlie main 
floats and auxiliary floats. 

While it is impossible to design a landing gear whicli cannot be craslicd, 
it is the aim of the designer to make it strong enough to withstand the 
shocks of reasonable landings and provide for the absorjition of energy. 

Structural Analysis 

The engineer, having approved of the preliminary design, is ready 
to estimate the highest probable loads acting on the structures and the 
consequent stresses in the individual members. He cannot attempt to 
analyse any and all conditions to which an aeroplane might be subjected. 
Certain conventional procedures have been adopted for standard condi¬ 
tions of loading, which have been found by experiment to be adequate in 
providing structures capable of safely and efficiently performing the 
duties demanded. This procedure has been adopted for the following 
component groups of an aeroplane :— 

{a) Wing bracings. 

(6) Wings. 

(c) Fuselage. 

(cZ) Landing gear. 

(e) Control surfaces. 
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These groups 
are considered for 
conditions e n u - 
merated below :— 

(a) High angle 

of attack. 

(b) Low angle Fig , 22. —Stehn end of wooden type fuselage. 

of attack. 

(c) Inverted flight. 

(d) Three-point landing. 

(e) Dive. 

The designer is then faced with the following questions :— 

(а) What manoeuvres or loading condition will produce the greatest 

stress ? 

(б) What is the magnitude of that maximum stress ? 

He should then carry the analysis of each group to a point which will 
indicate for all individual members the critical loads for the conditions 
outlined above. The final results of critical loads for all members of 
the structure is not a statement of stresses found to exist simultaneously, 
but a list of the worst stresses for the conditions investigated. 

^ On the basis of these figures the engineer then proceeds to select the 
materials and sizes for the individual members. 

The principles of structural analysis are the same in all engineering 
work. The aeroplane designer, however, must employ these principles 
with the utmost accuracy if the aeroplane is to be a success. He must 
obtain the necessary strength for a minimum weight and he must not 
allow any errors to creep into his calculations. 

Factor of Safety 

In engineering practice, structures are designed for stresses much less 
than the ultimate strength and well below the elastic limit of the material. 
Under the worst conditions likely to occur, the material is stressed to a 
fraction of the amount at which it would fail. The ratio of breaking 
strength to the worst working stress is termed the factor of safety.’’ 
The factor of safety for aeroplanes is expressed as the ratio of the design 
load to the maximum load. 

Aeroplanes are designed with a very small factor of safety as compared 
wdth other structures. With most structures values of from 4 to 10 are 
common, but in aeroplanes every effort is made to ensure a value of not 
more than 2. 

The load for which a member is designed is called the “ design load.” 

The basic loads ” on an aeroplane are the loads on the aeroplane 
when it is at rest. 
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The “ load factor ” is the ratio of the foiling load of a member or 
structure to the assumed basic load under a specified flight condition. 
This must not be confused with the term “ factor.” 

The “ ultimate load ” is the load that causes failure of a member. 

External Loads 

AH stresses in an aeroplane are caused by loads wliich arc external 
and must at any moment satisfy the conditions of eqtiilibrium. The 
structure must transmit any load from its point of a])plieation to a pomt 
where it will be balanced by some other external load. 

Internal stresses are set up in the load-carrying members. 

The next step in structural analysis is the determination of tlie loads 
on the various parts of the aeroplane assemlily when considered under 
normal loading conditions. In general these loads or forces are 

(a) Air pressures. 

(b) Weight. 

(c) Inertia forces. 

(d) Ground reactions. 

(e) Engine torque. 

(/) Airscrew thrust. 

(g) Reactions between assemblies. 

The air pressures are the lift and drag. 

The weight is produced by gravity acting on each part of the .structure 
in proportion to its mass. 

The inertia forces are those produced by the aeccloraf Jon imparted to 
the aeroplane in any movement which causes it to depart from a condition 
of equilibrium either at rest or in uniform motion. The inertia forces are 
equal and opposite to the forces producing the acceleration. 

The ground reactions are the neutralising forces met at the instant 
when the aeroplane has a certain vertical downward component which is 
rapidly reduced to zero by the action of the ground. 

The engine torque is a couple which usually acts as a down load on 
one engine bearer and as an up load on the other. This is due to the fact 
that the engine tends to rotate in an opposite direction to the rotation 
of the airscrew. Action and reaction are equal and opposite. 

The airscrew thrust is the force exerted by the airscrew on the fuselage 
in pulling it through the air against the drag. 

The reactions between assemblies are such forces as those exerted by 
the aerofoils on the fuselage. Here the lift and drag forces resulting from 
the action of the air on the aerofoils are transmitted to the fuselage. 
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T he following must be considered when determining the relative 
merits of materials :— 

(a) Availability. 

(6) Cost, 

(c) Adaptability to construction. 

[d] Strength-weight ratio. 

(e) Resistance to corrosion or decay. 

(/) Resistance to wear, shock and fatigue. 

[g) Modulus of elasticity. 

In aeroplane construction the above points are of great importance 
in the selection of the best material for the purpose under consideration. 
As soon as new materials become available and their superiority proved, 
a use is found for them in aeroplane construction. 


Availability and Cost 

Availability and cost are related by the law of supply and demand. 
Cost increases when demand is greater than supply. Spruce, which was 
used in the past for aeroplanes, is to-day in this category. On the other 
hand, where the supply is greater, the material wall be relatively cheaper. 
Sitka spruce is, however, being grown in large quantities in England under 
the aiBPorestation scheme. 

With military aeroplanes the cost is of secondary consideration in 
relation to several other factors. 

By laboratory methods small quantities of very high, strong metahio 
alloys have been produced. Such materials might be ideal for aeroplane 
construction, but owing to the limited supply their use is not practical. 

To be used from a standpoint of availability and cost, the material 
must be such that it can be produced in large quantities and at a competi¬ 
tive price. 


Adaptability to Construction 

Adaptability to construction involves the following points :— 
{a) Accuracy in manufacture. 

{b) Ease of working. 

(c) Ease of assembly. 

(d) Wastage. 

(e) Ease of repair. 

(/) Possibility of fire. 
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Fig . 2.—Assembling the lamina foe constructing an acrsceew. 

The laminae are first loosely assembled on the balance seen in the upper part of the 
picture. Accurate positioning is then determined by a stepping gauge (which is shown 
being applied to the assembly of laminae on the bench) and small blociS of wood are fixed 
temporarily to the laminae to locate their position. 


wastage. It has been estimated that less than one-third of the wood 
purchased for aeroplane construction goes into the finished article ; 
whereas with metal about two-thirds of the material finds its way into 
the finished structure. 

If materials are employed in the structure of an aeroplane with which 
mechanics are not conversant, difficulties are experienced in making repairs. 
In consequence of this difficulty materials should be used in construction 
which will permit rapid and reliable repairs to be made. Certain advan¬ 
tages accrue from the employment of materials with desirable charac¬ 
teristics other than ease of repair. While repair to a wooden hull is 
readily accomplished, the wood in service soaks up water, with a conse¬ 
quent increase in weight. 

This drawback is avoided in metal huUs, but the repair is more difficult. 
Repairs to a metal hull are not as frequent as in the case of a wooden one, 
owing to the greater local strength of the material. Corrosion is, however, 
a serious factor. 

In the selection and employment of materials the possibility of fire 
should never be overlooked. WMle the likelihood of fire in the air has 
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been minimised it wUi never be eliminated. Other things being equal, 
materials should be selected which are the least inflammable. 

Strength-Weight Ratio 

When considering the merits of various materials for construction of 
an aeroplane, the most important factor is the strength-weight ratio. 
Since the structure, exclusive of the engine, tanks, etc., represents about 
30 per cent, of the total weight of the aeroplane, it is clear that the 
designer must keep the weight of each part to a niinimuin. 

Every pound that goes into the structure means one pound less of 
useful load that can be carried if the required performance is to be met. 

The advantage of one material as compared with another may be 
regarded as increasing with the square of the strength-weight ratio. 

The accompanying table gives the strength-weight ratio of some of 
the aeroplane materials. 

Steel of suitable section for working might be considered over-strength, 
and consequently over-weight, whereas duralumin meets the requirements 
of strength and weight more satisfactorily. Wood compares well with 
duralumin in this respect, but due to its non-uniformity, lack of ductility, 
water absorption, etc., it is not as favourable, particularly as there is 
difficulty in the supply of suitable spruce and ash. 


STRENGTH-WEIGHT RATIO 



Yield Point 
Tons per 
sq. in. 

1 

Ultimate 

Stress 

Tons per 
sq. in. 

Specific 

Gravity. 

Ultimate 

Stress 

Specific 

Gravity. 

K.clativo 

Strength 

Weifrht 

Ellicieiicy. 

Coinparalivo 
W(MKht 
for sanu? 

High tensile alloy 
steel.... 

55 

65 1 

7*9 1 

8-2 

0-9J 

M 

Alloy steel 

45 

55 

7*9 

7-0 

0-78 

1-3 

Duralumin 

15 

25 

2-8 

9-0 

1-0 

1-0 

Spruce .... 


End grain 
Compression 
5,000 lb. 
per sq. in. 

0-38 




Aluminium sheet. 


9 

2*7 

3-3 

0-37 

2-7 

ISIild steel . 

12 

25 

7-9 

3*2 

0-36 

2-S 


Resistance to Wear, Shock and Fatigue 

A maximum, resistance to wear, shock and fatigue must be possessed 





1 


1 



Fig , 3.—The next step in wood aibscrew construction. 

The laminse, having been correctly assembled and located as shown in Fig. 2, are taken 
apart and placed one by one on the glue table, casein glue being applied, until all the 
laminae are in position as located by the small blocks previously applied. Cramps are then 
fitted about 10 in. apart, working outwards from the centre, as shown, and the block remains 
cramped for 24 hours. 

by materials in order to obtain a satisfactory life for an aeroplane. Wear 
due to vibration, shock, bad landings, fatigue and stress reversals, all 
tend to reduce the life of the structure. Without being over-strength, 
each part of the aeroplane should be designed for the material best suited 
for the particular purpose. Streamline wires, as early manufactured, 
quickly crystallised from vibration in flight, with resulting fracture. 
Cold drawing has obviated this fault. Fatigue has less effect on wood 
than on metal and is more easily discovered. 

Resistance to Corrosion, Decay, etc. 

It is desirable that the material of which an aeroplane is constructed 
should be unaffected by changes in climatic conditions, or by unfavourable 
storage. None of the materials now in use can fulfil these requirements, 
although steel and duralumin are not subject to much change in different 
climatic conditions. Both materials are susceptible to the action of 
moisture if unprotected, particularly in inaccessible interiors, where 
failure is normally the first evidence of deterioration. 

In the case of wood it is not possible, even by careful varnishing, to 
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protect it from the action of moisture. Wood stored in a damp place 
may swell or crack, and become unserviceable. A wing constructed of 
wood and sent to a locality of low humidity might, under certain circum¬ 
stances, dry to a 6 per cent, moisture content with consequent shrinkage, 
causing the wood to draw away from the fittings and loosen up the entire 
structure. The wood may spht around the bolt holes, and render the 
structure unsafe for air work. Long storage under dry conditions is 
particularly bad for hulls, floats and plywood fuselages—a common 
fault being warping and splitting. 

Pabric-covered fuselages and wings must always be reconditioned 
after long storage, as the fabric becomes useless. Wooden airscrews, if 
stowed where temperature and humidity eontrol are not available, 
wiU develop spongy tips, laminations will warp and they will become 
unbalanced. This deterioration of wooden airscrews in stoi-agc, together 
with their being damaged by rain, had, etc., has been a strong argument 
for the development of metal blades. 

GENERAL NOTES ON AEROPLANE WOODS 

Species Used 

One of the most common materials used for structural purposes is wood, 
which has many advantages over other materials. 

There are a variety of factors entering into a consideration of its use; 
only by a careful study can one make a selection of the kind of wood 
suitable for any specific purpose. 

In aeroplane construction any wood used must combine at the same 
time the characteristics of lightness, strength and stiffness. Practically 
all woods have, at some time or other, been employed, but the following 
are most commonly used—spruce, ash, mahogany and walnut. 

Uses of Different Species 

Spruce. —^This is used in the manufacture of struts, spars, longerons 
and in huU and float construction. 

Ash. —This is used in the manufacture of longerons, chines, tail 
skids and struts. 

Mahogany .—^This is used for veneer parts and airscrews, bottom and 
bulkhead pla nkin g of floats and hulls. Cedar is almost as good. 

Walnut. —This is used in the manufacture of airscrews, but mahogany 
is more usual. 

Factors Affecting Strength . 

Compared with other materials, certain woods have, for their weight, 
remarkable strength. Spruce in tension is 2-5 times as strong as steel 
for the same weight and length and in compression it is twice as strong. 
The stren^h of wood, however, is affected by many factors, included 
among which are ; kind, structure, age and time of the year when felled, 
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Fig. 4.—Rottgh shaping the AmscHEW. 

Here we see the rough shaping being done on an automatic profiling machine. Note the 
'metal former, which serves as a guide to the shape of the airscrew, being traversed by a 
tracer wheel. 

moisture content, seasoning, defects, amount of sapwood and heart-wood, 
method of sawing, etc. It will be seen that these may make wood an 
expensive material for aeroplane construction. 

Structure of Wood 

Examination of a sawn log shows a small pith at the centre, surrounded 
by numerous concentric rings, which are in turn covered by the bark. 
The concentric rings are the layers of wood added each year during the 
life of the tree. These rings indicate the age of the tree. The thickness 
of the annual rings varies •greatly in different trees of the same species, 
and in different parts of the same cross-section. Trees grown in the open 
have wider rings than those grown more slowly in a forest. 

Normally the rings are wddest at the centre, and become narrower 
nearer the bark. Also the wddth of the same ring wiU vary from the 
bottom to the top of the tree. 

With the conifers, such as spruce, a medium rate of growth produces 
high strength and toughness ; whereas a rapid growth is best to produce 
maximum toughness and strength in hardwoods like hickory. 
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Examination of a single annual ring shows that it is not uniform in 
composition. In spruce the interior of the ring, that is, the early wood, 
is lighter in colour than the outer ; the opposite is true in tlio case of the 
oak. In forest grown trees the growth is upwards more than outwards 
and the reverse if grown in the open. 

The early wood is called the spring wood, and tiic later v'ood the 
autumn wood. Since the autumn wood is denser, harder and stronger 
than the spring wood, it follows that the percentage of tlic former gives 
information concerning its mechanical properties. 

Grain of Wood 

The grain is formed by the distance between the annual rings. 

Rapid growth produces coarse-grained wood, while slow growth 
produces jfine-grain. 

When the grain is straight and runs parallel to tlic pith, tlie wood is 
said to he straight-grained. 

Often the rings are twisted round the axis of tlic tree causing spiral 
grain. 

Erequently in wood several rings of fibres will run oblique to the axis 
of the tree in one direction and the next layers are oblique in the opposite 
direction. Such wood is known as cross-grained. Wavy-graiu is caused 
by large undulations in the wood fibres, curly-grain l)y small undulations. 
Oak, ash and birch are often curly- or wavy-grain. 

Straightness of grain is of great importance in wooden beams and 
tension members. Careful examination should be made to asccrta;in that 
this is the case, particularly for aeroplane construction. 

Texture and Grain 

Two sets of characteristics of wood that are very often confused are 
texture and grain. Texture refers to the relative size of tlie ckmients 
of which the wood is made up ; grain to their direction and the widtli 
of the growth rings. In texture wood may be either coarse, fine, even or 
uneven. Coarse-textured wood has many of its elements large, as, for 
instance, chestnut. Eine-textured wood has its elements mostly small, 
as in willow or poplar. Even-textured wood is that in which tlie elements 
are uniform in size, as in box, cedar, horse-chestnut, etc. ; uneven- 
textured, that in which the elements have marked contrasts in size, 
as when there is a great difference between early and late wood, such as 
pitch-pine, oak, chestnut, elm, ash, etc. 

Structural Defects 

Besides irregularities in the character of the grain, there are two 
important classes of defects in wood—^knots and shakes. 

Knots are where branches start. They affect the workability, 
sh ri n k age, and the strength of the wood. They destroy the continuity 
and consequently dimmish the tensile strength. Such defects are a source 
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of weakness when 
present in a beam. 

They reproduce the 
compression 
strength about 20 
per cent., depen¬ 
dent on the position 
of the knots. 

Emots become 
loose when dry or 
dead, which is 
detrimental. In 
aeroplane construc¬ 
tion wood contain¬ 
ing knots is normal ly 
rejected. 

Star-shakes are 
radial cracks pro¬ 
duced by unequal 
stresses set up in 
the wood during the 
seasoning process. 

Splits in the 
ends of boards— 
due to shakes or 
the boards not 
being banded 
during seasoning. 

Gup-shakes are 
separations 
between adjacent 
rings. They are 
possibly due to the 
bending of the tree by the wind. They are generally invisible in green 
wood, but become apparent after seasoning. 

Heart-shakes are radial cracks emanating from the pith in the trunks 
of very old trees. It is likely that shrinkage of the heartwood while 
the tree is still standing produces these defects. 

Great care must be exercised in inspecting for shakes, as they are 
not always discernible until the wood is varnished. 

Shakes adversely affect the durability of wood because they admit 
moisture and air. 


Fig. 5. —S TTAp rNTfi- the atbscbew by hand. 

The roughly shaped block is shown being shaved to the 
correct form by a skilled man. The true form is first obtained 
at pre-determined positions along the blade, and the whole 
shaped accordingly. 


Non-Structural Defects 

Pitch pockets, dry rot, dote and ■worm holes are other defects of 
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wood which are not structural nature. These defe(*ts luive an important 
bearing on reliability. 

Pitch pockets are openings between the annual rings, which contain 
resin, either in liquid or solid form. This resin is nature s method of 
healiiig holes, shakes, etc. Pitch pockets arc seldom found in liardwood, 
but are common in conifers. They tend to bulge a, normally straight 
grain, but are permitted in aeroplane wood provided they a-rc \'ery small. 

Dry rot is the result of fungus attacking tlic wood, bringing about 
the death of the parts affected and possibly the entire tree. Dry rot 
may he detected by the crumbling of the wood when it is being worked 
and by the change of colour, or by the musty odour. 

Dote is the commencement of wood decay, gencn-ally accompanied 
by dark brown spots scattered over the wood. I'he fibres are soggy 
and lifeless, breaking out in pieces when picked with a. knife. 

Worm holes. As the grub might still he alive, t he wood should be 
rejected for aeroplane work. 

Specific Gravity 

The specific gravity of all types of dry wood siibstances has been 
found by experiment to be approximately 1*45, 

The density or apparent specific gravity (the ratio of the weight of 
the wood to the weight of an equal volume of water) vaides Irorn 0*20 
in the case of cork wood, to 1-36 for Indian a-njan. The discnepancy 
between these figures and that for dry wood is due to tlu^ poi'osity of the 
wood structure. 

A comparison of two woods, each containing the same })er(umtage of 
moisture, will show the heavier to be the stronger ; tins sl,rongt h varying 
nearly directly as the weight. 

The most reliable index of specific gravity witlioiit making a.n actual 
test is the ratio of spring wood to summer wood per anmuil ring. 

In soft woods, to possess the necessary strength, ea,ch annual ring 
should have approximately one-third or more of summer wood. 

In hard wood, such as ash, to possess the necessary strength, each 
aimual ring should have about three-fifths or more of summer wood. 

Mechanical Properties of Wood 

The factors affecting the general strength of woods having been 
defined, then mechanical properties will now be considered. The suit¬ 
ability of any wood for a given purpose depends on these f)r()pcrtics, wliich 
include stiffness, toughness, hardness, flexibility and its strength to resist 
the various stresses to which it may be subjected, suctli as compi*ossion, 
tension, bending, shearing, etc. 

Stiffness 

The amount that a piece of wood will bend under a, giv(.m load is a 
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Fig. 6.—FiTTiNa the sphtheb. 

This is a plj^ood cowl built up on ribs glued and screwed to the airscrew boss. 


measure of its stiffness. It is usual to compare the stiffness of various 
kinds of wood by the formula for deflection of beams. Knowing the 
deflection, the loading and the dimensions of a piece of wood, its modulus 
of elasticity can be calculated and then compared with that for other 
woods. Softwoods are nearly as stiff as hardwoods and at the same time 
considerably lighter in weight. 

Knots and other defects, as weU as moisture, affect the stiffness of wood. 

From the same tree the wood from the lower portion is stiffer and 
heavier than that higher up. 

Toughness 

Toughness is a word commonly applied to woods. The ability to 
withstand shocks is one characteristic of a tough wood. It must be 
strong and flexible, so that tough wood must possess at the same time 
considerable resistance to tension. 

Hickory is a good example of a tough wood. 

The tests used to indicate toughness are :— 

(a) The determination of the “ work done to maximum load ” (often 
called resilience). 
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Fig. 7.—Checking the shape and pitch op the finished blade. 

The airscrew is mounted on a spindle, perfectly level. Note the spirit level, the section 
gauges on the bench and the tester operating a combined caliper and inclinometer. 


(6) The resistance to impact, or the distance which a known weight 
must fall to cause complete fracture of the wood. 

The first is generally expressed in inch-pounds per cubic inch. 

Hardness 

This gives an indication of the wear-resisting qualities of a wood. 

A method of ascertaining the hardness is the weight per square inch 
required to produce an indentation of a certain amount. 

Very hard woods require over 3,200 lbs. per square inch to produce 
an indentation of in., while soft woods require only about half this 
pressure. 

Flexibility 

Tl^ can be defined as its abUity to bend very considerably without 
breaking. Due to greater fibre strength some wood can be bent a great 
deal without breaking. The ratio of bending strength to the modulus of 
elasticity is a good measure of the flexibility. 

Pine is very brittle. Ash is an example of a flexible wood. 

Compressive Strength 

This depends upon the length and smallness of diameter of the speci¬ 
men and also upon the direction of the grain. The resistance of a Wy 
short piece to compression is called its end-crushing strength. 
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This may be considered as independent of the smaUness of diameter 
of the piece. 

The compressive strength of wood across the grain is much less than 
that parallel to it. For oak it is less than a third as much, while for white 
pine it is only an eighth. 

Tensile Strength 

This depends on several features, the strength of the fibres, their 
adhesion to one another, the presence of pith rays, the direction and type 
of the grain and the presence of defects. 

Tensile strength is not of as much importance as may be supposed, 
due to the fact that when wood is used as a tension member it will usually 
fail in some other way, sometimes the fastenings 'will pull out. The use 
of wood in tension should be avoided, but if this is impossible the calcula¬ 
tion of strength should depend upon the strength near fastenings, or upon 
splitting, etc. 

The tensile strength across the grain is only about 5-10 per cent, of 
that along the grain. 

Bending Strength 

Bending strength is affected by moisture, defects, direction or type 
of grain, etc. 

Primarily, compression strength depends upon the strength of the 
fibres of the wood, hence the term “ fibre strength.” When wood is 
bent the fibres on one side are placed in compression and those on the 
other side in tension. A piece of wood having Imots in it should, for this 
reason, be placed so that the knots come on the compression side if 
possible. 

It is very necessary that the moisture content m wood, as well as the 
factor of safety to be used in designing, should be known before an accurate 
comparison of the bending strength can be made. 

Shearing Strength 

This depends upon the direction of the grain. Shearing across the 
grain is of httle importance, other methods of failure being more Liable 
to take place. Shearing parallel to the grain is very important. It occurs 
in the following ways :— 

(a) Simple shearing, as when a bolt pushes out the wood in front of 

it, causing the fibres to shde over each other. 

(b) Longitudinal shearing, caused by bending. 

The latter is a very common form of failure in beams. 

Softwoods—Characteristics of Different Woods 

Fine ,—^The principal varieties of pine are white pine, yellow pine, 
pitch pine, etc. 
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White pine is soft, straight-grained, easily worked and of light weight. 
It is not very strong and splits easily, but it is practically free IVoni defects 
and when protected by paint is very durable. Tlie other varieties resemble 
this white pine quite closely, but are not considered to be as good. 

Spruce ,—^There are several varieties of spruce. It is very similar to 
white pine and fir. It is light, straight and close-grained, l>ut is inclined 
to warp and twist. It has remarkable strength considering its light weight 
and this accounts for its extensive use in aeroplane construction. It 
sphts easily and generaUy contains a large proportion of defects. White 
spruce is stronger than red spruce. 

Fir ,-—^This wood is similar to spruce and pine, but lias no rcsin-du(jts. 

It is hght in weight, soft and straight-grained, but brittle. White 
fir has shghtly more bending strength in proportion to its weight than 
white spruce. 

Douglas fir, or Oregon pine, is reaUy not a fir at all, but a species of 
hemlock. It is one of the most important of woods, being available 
in almost any size and also has great strength. For its weight it is stronger 
than pine and is not so stiff. The grain is rather spongy. 

Cedar .—^There are many varieties of cedar, which are sometimes 
classified as white, red and yeUow. 

Cedar is characterised by hght weight and its soft and close grain. 
It is easily worked, but is brittle and sphts easily. It is durable, resists 
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decay and absorption of water, shrinks very Little, but is somewhat 
expensive. 

Hardwoods 

OaJc .—There are a great number of different varieties of oak, hut only 
a few of these are useful for constructional purposes. Oak is not liable 
to spht under stress, holds fastenings remarkably well and can be bent. 

Its disadvantages are its complicated structure, its w^eight and the 
fact that it is expensive. 

Ash .—This is a very common hardwood, similar to oak, but more 
easily worked although coarser. There are several varieties, white, black, 
red, etc. T^Tiite ash is not as heavy as oak, but is stronger in proportion 
to its weight and is more flexible. It does not shrink much and is fairly 
durable. White ash is the most valuable, the other species bemg weaker 
and coarser. It is used extensively in aeroplane construction. 

Hickory .—^There are numerous varieties of hickory. It is very heavy 
and remarkably strong. The grain is straight. It has great resistance to 
shock and vibration and is specially valuable for use in construction of 
vehicles. 

Mahogany .—Mahogany is one of the most important woods. The 
mahogany from Central America is the only true mahogany. The wood 
is strong, durable, warps and shrinks very little, easy to work and takes 
a good finish. 

CONDITIONING OF WOOD 
Processes for Drying Wood 

It is as essential to dry or season ’’ wood as it is to prepare steel by 
proper heat treatment. The reasons for drying wood are as follows :— 

(a) To improve its strength and mechanical properties. 

(b) To decrease shrinkage after incorporation in the structure. 

(c) To reduce its weight. 

(d) To increase its resistance to decay. 

(e) To aid application of protective coatings. 

(/) To facilitate working. 

(g) To reduce the possibility of warping. 

Water vdll not drain out of wood ; therefore some means of evaporat¬ 
ing it is necessary. It must be realised that it is impossible to eliminate 
aU moisture from timber. If the water were entirely removed, the timber 
would re-absorb it from the surrounding atmosphere, about 10-12 per cent, 
of moisture being absorbed. 

Factors Influencing Drying 

Strength and stiffness are improved under proper conditions of drying. 
If drying is not carried out correctly the wood will be weakened as a 
result of imeven shrinkage. 
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Fig, 9.—Showing the use oe comphessed hardwood pob the root end of a detachable 

BLADE. 

The compressed wood is used only at the root of the blade. Note the scarf joints con¬ 
necting the hardwood to the softwood. 

Logs dry much more slowly if covered with bark, and arc more lilcely 
to decay than those without bark. 

Wood of large moisture content dries in about the same length of 
time as that of lower moisture content, due to the fact that the sa^pwood 
which contains most of the moisture dries more rapidly tlian the heart- 
wood. 

Boards lose most of the moisture through the sides. 

Method of Drying 

Two methods of drying are in general use—air-drying or seasoning,” 
and kiln-drying. 

Temperature and humidity conditions have a vital influence on drying. 
In air-drying, which simply amounts to exposure of the wood to the 
atmosphere, no control over temperature and humidity is possible. 
Consequently the process is one requiring many months of exposure to 
the weather with the probability of losses of material as a result of 
warping, decay, etc. Such loss, however, is offset by the inexpensiveness 
of the process. 

Advantages of Kiln-Drying 

To air-dry fir requires from 12-18 months, whereas by kiln-diyiiig 
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Fig. 10. —DETACHABIJE3 BLADE. 

Showing the steel shoe which is fitted. Note the lines indicating the section positions 
for checking the shape. 

only 18-24 days are necessary. To air-dry wood for airscrews takes from 
one to two years; to kiln-dry tke same material takes approximately 
one month. 

Wood can be more easily damaged in a kiln than when left to dry in a 
shed exposed to the atmosphere. Properly controlled, however, kiln- 
drying has the following advantages :— 

{a) The time required for the process is only a fraction of that 
necessary for air-drying. 

[b) Control is afforded over temperature, humidity and circulation 

of air, which obviates warping, splitting and uneven shrinkage. 

[c) There is less subsequent warping and shrinkage. 

[d) There is less likelihood of deterioration from attack by insects, or 

by checking and decay. 

A large percentage of the wood used for aeroplane work is kihi-dried. 
Kiln-Drying 

A kiln is an enclosed room into which wood may be piled. It is fitted 
with steam radiators for supplying the heat, fans to blow on the radiators 
to afford the required circulation, and cocks, or taps, on the radiators to 
admit steam for regulating the humidity. 

A.E.—VOL. 1. 4 
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Fig . 11.—Conversion' or timber Showing in oxaggo.nitc^d form i ho shrink- 

Showing a log cut into planks and beams. ago siibsoqiioiit to tmt.l ing. 


One species of wood with approximately one thickness of material 
is the best practice when charging a kiln. The thickticss variation should 
not exceed | in. The boards are piled so that the width of the spaces 
between them is at least 1 in. for each inch of board thickness. This is 
done to afford proper circulation. In order that the boards will remain 
flat and straight while drying, separators are placed at intervals not 
exceeding 4 ft. These separators should be at least in. in thickness, 
not over 2 in. wide, and laid so that they will be directly over one another. 
The wood must be so disposed in the kiln as to permit of easy access on 
all sides of the pile, to make easy the reading of correctly located ther¬ 
mometers and hygrometers. 

At the start of the drying process the humidity should be about 
85 per cent., with a temperature of about 32° C. 

As the wood dries the temperature is increased gradually to about 
140° F., while the relative humidity is dropped to 45 per cent. A final 
temperature of 155° F. is required for a short time for the removal of 
the internal moisture. 

Thermometers and hygrometers must be read at regular intervals 
and temperature and humidity gradually varied to obtain even shrinkage. 
Process samples should be withdrawn from the kiln and weighed to check 
the moisture content of the kiln charge during the process. 

Any drying process depends upon the uniformity of drying and its 
effect upon the mechanical properties of the wood. This requires the 
rigid control of temperature, humidity and circulation of the air in the 
kiln. The circulation must be through the piles and not round the room 
and out of the exhaust. Uneven shrinkage, with resultant uneven stresses, 
occurs where kiln control is poor. If the outer surface dries faster and 
shrinks earlier than the interior, excessive tension in the outer fibres results, 
which may cause them to pull apart, developing cracks in the wood. 


JMATERIALS FOR AIRCRAFT CONSTRUCTION [vol. i.] 51 

Where rupture, or pulling 
apart, does not occur, the outer 
fibres become set. Further shrink¬ 
age of the piece as a whole is 
therefore diminished. 

This brings about a gradual 
reversal of stress in the shell and 
causes a radial tension in the in¬ 
terior. This condition is called 
case-hardening and must not occur 
in wood for aeroplane use, as 
distortion is bound to occur when 
it is cut. It may be rectified by 
steaming the wood at a temperature of not more than 20° F. above the 
final drying temperature, for a period not exceeding 3| hours, and then 
re-drying. 

High humidity and too high a temperature at the start of the drying 
process wiU cause the interior of the wood to dry out first, producing 
stresses within the wood. If these stresses become excessive the fibres 
are puUed apart, thus developing internal cracks called honeycombing, 
which destroys the wood as a material for aeroplanes. 

Edln-dried wood must be exposed to uniform shop conditions at least 
two weeks for 3 in. planks and other sizes in proportion, prior to being 
worked. 

This is to ensure that the wood will not distort, due to absorbing 
moisture in the shop whilst being worked. 




G H 

Fig. 13. —Conversion of timber. 

If the shape of rectangular pieces is to be 
preserved, they must be cut square with the 
centre of the tree. 


Conversion of Timber 

Conversion of logs is the operation of sawing them into planks, deals, 
battens, etc. ; this is, as a general rule, done before seasoning. 

The subsequent shrinkage is noticeable in the sections when cut. 
As an example, a log cut into planks and beams 
is shown in Fig. 11. The middle piece '‘c,” 
when dry, will remain almost the same width 
and of the same thickness in the centre. The 
thickness of the edges will diminish a small 
amount and is shown exaggerated in Fig. 12 

The piece d will take the shape of D.’’ c/ 

Owing to the shortening of the rings, this piece 
will shrink in its width more on the top surface 
than the bottom surface next to the heart of 
the tree, giving the plank a curved shape as 
shown. This also will be somewhat thinner at 
the edges than in the middle ; e and / follow 



Fig. 14. —Conversion of 

TIMBER. 

If boards are required that 
will not shrink in width nor 
warp, they must be cut as 
shown above. 
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the same action as shown ; the shrinlvage in width is more niarked, but 
they keep more parallel in thickness. The tendency to distort with 
rectangular-shaped pieces is shown in A and B. 

If their shape is to be preserved they must be cut square with the 
centre of the tree, as in Fig. 13 “ G ” and H.” If boards are requhed 
that will not shrink in width nor warp, they must be cut as shown in 
Fig. 14 

Veneers 

A veneer is a thin layer or sheet of wood cut from logs. In aeroplane 
construction veneers are employed in plywood. They are sometimes 
used for webs of wing ribs, fuselage coverings, and float decks. 

The veneers commonly employed arc birch, mahogany, cedar and ash. 

Manufacture of Veneer 

There are three methods of cutting veneer :— 

[а) Rotary cutting. 

(б) Sawing. 

(c) Slicing. 

Rotary Cutting .—Of these, the most common is rotary cutting. It 
consists of holding the log between centres in a lathe. As the log rotates 
a long knife is gradually moved towards the axis peeling off a strip of 
veneer of length equal to that of the log between centres and of width 
depending on the diameter of the log and the thickness of the sheet required. 

Prior to cutting, the logs which vary from 4 to 8 ft. in length, are 
steamed if of hardwood or a heavy veneer is to be cut. Preliminary 
steaming is unnecessary with thin veneer of softwood. 

Fig. 14 illustrates the manner in which the veneer is cut. 

The maximum commercial length for rotary cut veneer is about 
IG ft., due to greater unsupported lengths producing chattering, with 
resulting irregular and cracked surfaces. For birch, mahogany and ash 
a maximum thickness is about ^ in. and a minimum thickness about ^}^ in. 

Sawing .—This method is by means of a special type of circular saw 
and operated so that the veneer will be pushed outward and over it in 
much the same manner as is done by the knife in rotary cutting. 

The minimum thickness of the veneer by this method is at best in. 
and the maximum width is about 20 in. 

Slicing .—^Thinner veneer can be cut by slicing than by sawing and 
there is no wastage. The log is squared up after it is clamped to a base 
plate which is moved forward and downward against a stationary knife. 

The minimum thickness of mahogany veneer by this method is about 
jIq in. The maximum width is about 24 in. 

Plywoods 

Plywoods consist of a number of layers of veneer, of the same or of 
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different kinds of wood glued 
together so that their grains run at 
different angles. This construction 
offers the follo’wing advantages :— 

(a) Greater resistance to warp¬ 

ing, shrinkage, etc. 

(b) Greater lightness for 

equivalent strength. 

(c) Greater flexibility than 

stock of equal thickness. 

(d) Greater homogeneity in the 

structure of the finished 

panel. 

(e) Greater uniformitj?” in mechanical properties. 

Proper symmetry is obtained by using an odd number of layers so 
arranged that any ply will have the grain of the next ply at riglit angles 
to it. 

Some of the uses of plywood are :— 

(а) Ribs of wings. 

(б) Instrument boards, lockers, floor boards, etc. 

(c) Surface coverings. 

(d) Covering for fuselages, particularly in monocoque construction, 

(e) Bulkheads in fuselages, floats and hulls. 

(/) Decking and bottoms for floats and hulls. 

(g) Engine bearers and stiffeners. 

Manufacture of Plywood 

Veneers used for plywood are dried to a moisture content of 10 per 
cent., leaving them flat and ready for trimmmg. 

Trimming follows to ensure freedom from defects, large shears being 
used. The veneers are next sorted out to suit the different layers of the 
plywood to be made. 

Glue is spread on the backs of the two face layers and without any 
great delay these are placed above and below the core, and the layers so 
assembled are ready to bo placed in a press. 

Each veneer is very dry at the time glue is spread upon the faces. 
The time between this spreading of the glue and the pressing operation 
is fairly short, so that each layer has little time to absorb moisture. 
In consequence, there wUl be no appreciable shrinkage across the grain 
wdth the consequent production of stresses. 

The press consists of cast iron plates with flat faces, which are heated 
by means of steam circulated through the interior of each plate to about 
200® F. The layers, coated with glue, are placed between two of these 
plates and the plates are then forced together by pressure, adjusted to the 
size of the panel being glued and to the pressure required per square inch 



Fiff . 15. —Cutting veneer. 

This illustrates the manner in which 
veneer is cut from a log. 
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of its surface. The heat from 
these plates penetrates the face 
layers and sets the glue under 
pressure. 

Steam Bending 

Steam bending must be used 
for curved members where a 
continuity of fibres is required 
as in curved longerons, keels, 
frames and climes of hulls. 
Steaming softens the fibres 
Fig. 16 . — A STEAM bent section. SO that they will adjust them- 

The wood used must be free from defects, selves to the strCSSCS produced in 
tsTote the direction of the grain. bending. 

Experiments with the various 
woods reveal the fact that a number of them arc not suitable for steam 
bending. Lightness, strength and hardness are essentials. As a result of 
the tests, ash has been shown to be superior to most woods for steam 
bending. Wood used must be free from structural and other defects. 

The rough-worked material should be soaked in a liot water box 
before steam bending. 

The amount of soaking is dependent upon the size and condition of 
the material as weU as on the amount to which it is to l)c bent. 

The steam-hox is built of metal, with steam-tight doors at each end. 
The equipment consists of water and steam pipes, drain coolvs, steam 
gauge and a means to control the doors. 

The length of steaming depends upon the condition of the wood, 
its size and the angle of the bend required. 

When soaked, the pressure of the steam forces the moisture into the 
wood at a rate corresponding to the pressure. From 15 to 20 minutes 
is an adequate steaming period for green sapwood, where a steam pressure 
of from 30 to 35 lbs. per square inch is maintained. 

After steammg, the part is placed on the form used for bending. 

Steaming should not be protracted, as the life is taken from the wood 
by too long a period in the steam-box. 

Built-up laminated components are, however, more often used as they 
are stronger and less liable to alter in shape. 

Use of Jigs 

Various designs of jigs have to be employed, which depend upon the 
size and shape of the member required. Wood is ordinarily employed for 
the jig, since it is easily manufactured and altered to correct for spring of 
the member on removal. 

The jigs used must be made for a certain amount of over-curvature. 
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Care must be exercised in bending the members over the jig to avoid 
undue strain. 

Either metal or wood clamps are used to secure the member in the 
jig, and they should be placed at short intervals. 

Several hours on the jig must elapse before the member is cooled and 

set. 

When removed from the jig the open ends may be secured against 
springing or spreading by tacking a cross strip between the two ends. 
Drying requires several days, so that the parts should not be used for some 
time after steaming. 


IRON AND STEEL 

Before discussing at length the properties and characteristics of the 
more important metals which are used in the production of modem 
aeroplanes it will be useful to give a few definitions of the terms to be 
employed. 

Definitions 

Ductility, —^The property of being permanently extended by a tensile 
or stretching force. 

Tenacity, —^The property of resisting fracture when under the applica¬ 
tion of a tensile force. 

Malleability, —^The property of being permanently extended or 
flattened when worked imder the hammer or in the rolls. (Most metals 
are more malleable when hot than when cold.) 

Toughness, —^The power to resist fracture when subjected to bending, 
torsion or impact. 

Brittleness, —The tendency of a metal to fracture on receiving a blow 
or shock. Brittleness implies lack of toughness. 

Softness. —^This is a relative expression for the property of permanently 
yielding to pressure without fracture. 

Hardness. —^A measure of the property in virtue of which a material 
is able to cut, scratch or indent another material. It may be described 
as the capability of resisting wear by abrasion, or the resistance to pene¬ 
tration. 

Elasticity. —^The capacity of a material to return to its original size 
and shape on removal of distorting forces. 

Fusibility. —^The capability of being melted. All metals are fusible. 
A substance that does not easily melt is termed refractory. 

Conductivity, —^The ability or capacity of a metal to conduct heat 
(thermal conductivity) or electricity (electrical conductivity). 

Iron 

Iron occurs in large deposits as oxides, sulphides and carbonates, 
and in smaller quantities in a great variety of minerals. Very few rocks 




Fig. 17. —Case habdening purnace. 

A furnace being charged with pots containing components for iiantming. 


or soils are entirely free of iron. Pure iron may bo prepared l)y the 
electrolysis of a solution of iron sulphates. It is a silvory-wiiite metal 
which melts at 2,780^ F. It is ductile, malleable and almost as soft as 
aluminium. 

Iron differs from most of the other metals in that the pure metal is 
seldom obtained. Iron containing small percentages of otlier elements 
exhibits a wide variety of properties which make it of the grcatcvst value 
for aeroplane purposes. 


Pig Iron 

This is the material produced after the first reduction of the ore in 
the blast furnace. It is of no mechanical use, as it contains a high per¬ 
centage of impurities which are subsequently removed by further processes. 
It is the base from which many kinds of iron and steel are made. 


Cast Iron 

The ores are mixed with a suitable flux and reduced by beating with 
coke. 

The process is carried out in a cupola or blast furnace. The blast 
furnace is about 70 ft. high and 30 ft. in internal diameter at its widest 
part, narrowing towards the top. The walls are of steel and are lined 
with firebrick. The base has a number of pipes called tuyeres, through 
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which, hot air is 
forced into the 
furnace. At the 
bottom is an open¬ 
ing, through which 
the hquid metal can 
be extracted. There 
is also a second 
opening above the 
bottom one, 
through which the 
slag overflows. 

Charges consist- 
mg of coke, ore and 
flux in proper 
proportions are at 
intervals introduced 
into the furnace. 

The coke burns 
fiercely in the air 
blast, forming 
carbon dioxide, 
which is reduced to 
carbon monoxide as 
it passes over the 
highly heated 
carbon. Reduction 
begins at the top of 
the furnace through 
the action of the 
carbon monoxide. 

As the ore 
slowly descends the 
reduction is com¬ 
pleted, and the resulting iron melts and collects as a liquid at the bottom, 
the lighter slag floating on the top of it. 

When a considerable quantity of iron lias collected, the slag is drawn 
off and the iron is run into moulds and then taken to the steel furnaces 
fur tlie manufacture of steel. 

It is a brittle, non-malleable, non-ductile metal and cannot be forged, 
rolled, dravii or hammer welded, but can be fusion-welded. It cannot be 
hardened or case-hardened, but it casts extremely well. The condition 
of the carbon in cast iron varies. It can be held in a free or graphitic 
form, or in a combined state. When the free carbon percentage is high 
the metal is known as grey cast iron, and a fracture shows a coarse 


Fig. 18. — An ei:ectkicaxly heated ftjenace. 
Note the roller track charging device. 
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crystalline structure, grey in colour. When the percentage of free or 
graphitic carbon is low, i.e., when the maximum amount of carbon is in 
the combined state, the metal is called white cast iron, and its fracture 
shows a finer structure, white in colour. White cast iron is much harder 
than grey cast iron. The melting point of cast iron varies around 2,010'^ P. 


Chilled Cast Iron 

Castings of this type can be produced by pouring the molten metal 
into a metal mould. This causes the castings to cool rapidly, whereby 
some of the carbon remains in a combined state, and the crystals are 
much smaEer. Chilled castings are therefore very hard, especially on 
the outer surface of the metal. 


Malle2d)le Castings 

Cast iron articles are sometimes made more shock resisting by pro¬ 
longed heating in contact with an oxidising substance, whereby some of 
the carbon is oxidised. The metal is then termed malleable cast iron.” 


[VOL. I.] 


Fig. 19.—An annealing eubnace. 

Charging a cast iron pot filled with coils of wire into fnrnaco for unnoaling. A iiiunber 
of such pots are placed on a rotating hearth in order to obtain uniformity of tomporuturo 
during the annealing operation. 








Fig. 20. —An electhically heated tempering furnace. 

The pot for charging the furnace is shown on the left. Air circulation is provided during 
tempering to ensure uniformity of temperature. 


Effects of Impurities in Cast Iron 

Silicon .—Promotes the formation of free or graphitic carbon and 
has a softening effect. 

Sulphur .—Opposes the formation of free carbon, and causes increased 
shrinkage and unsound, badly-defined castings. Good cast iron should 
not contain more than 0-1 per cent, sulphur. 

Manganese .—Causes increased hardness. A casting that has an excess 
of manganese is very hard to machine. 

Phosphorus .—^This impurity increases the fluidity of the metal, but 
if in excess increases the brittleness. 


Wrought Iron 

Wrought iron is produced from cast iron by extracting most of the 
carbon, silicon, phosphorus and sulphur, the operation being conducted 
by what is caUed puddling in a reverberatory furnace. The charge 
consists of pig iron and old slag or iron oxide. After melting the charge, 
iron oxides are put in to remove the silicon and manganese and some of 
the phosphorus. 
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The furnace temperature, whilst high enough to melt the pig iron 
and keep the charge molten during the greater part of the time, is not 
sufficiently high to produce the refined product. It solidifies to a pasty 
mass, which can be worked into balls of about 160 lbs. in weight. 

These balls are removed from the furnace covered with slag, the slag 
is fluid at this temperature. 

This fluid slag is largely removed by a roller and squeezer and the ball 
is then rolled into bars. It is very malleable and ductile and can also 
be forged, extruded and hammer welded, the latter being a very important 
characteristic. It caimot be hardened as in the case of the higher carbon 
steels, but can be case-hardened. A torn fracture of the metal shows a 
remarkable fibrous structure due to the presence of slag about 2 per cent, 
maximum. It contains up to 0*2 per cent, combined carbon (maximum), 
has a tensile strength greater than tliat of east iron, about 18-20 tons 
per square inch, and a compressive strength of 26-30 tons per square 
inch. It cannot be cast into shape. The melting point is about 2,760° F. 
It is no longer produced to the same extent as previously, since soft 
steel can be made at less cost and is well adapted to almost all the uses 
for which wonght iron was used. It is required where resistance to 
corrosion must be high. 

Steel 

Steel is made from cast iron by extracting part of the carbon, silicon, 
phosphorus and sulphur. Nearly all steel is made by one of two methods, 
known as the Bessemer process, and the open-hearth process. 

In the Bessemer process the furnaces are lined with dolomite, which 
extracts from the cast iron the carbon, silicon and phosphorus. 

It is carried out in huge oval-shaped crucibles called converters, 
the size being such as to hold approximately 30 tons of metal. ^ The 
converter is built of steel and is mounted on trunnions, so that it can 
be tipped over on its side for filling and emptying. A pipe is connected 
mth an air chamber, which is at the bottom of the converter. The bottom 
is perforated, so that air can be forced in by an air blast. 

White-hot liquid cast iron from the blast furnace is run into the 
converter through the top, the converter being tipped over to receive 
it. The air blast is then turned on and the converter is returned to a 
vertical position. The carbon, manganese, phosphorus and silicon in 
the iron are rapidly oxidised. The heat of the reaction, largely due to 
the combustion of silicon, keeps the iron in a molten condition. The 
air blast is continued until the character of the flame shows that all the 
carbon has been burned away. 

When this process is complete, the desired quantity of carbon is 
added and allowed to mix with the fluid. 

The converter is then tilted and the steel run into the moulds, and 
the ingots so formed are hammered or roUed into shape. 
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Fig . 22.—Inside view of an electbically hi^ated CASi'j hahueninij euenace. 


By some, this process is considered obsolescent. 

In the open-hearth process the lining of the furnace is made of silicon 
or dolomite. The hearth of the furnace is about 35 ft. in length, 10 ft. in 
width and 2 ft. in depth. 

Pre-heated producer gas, or finely powdered coal is used as fuel. 

Below the furnace is placed a brick checker-work, so arranged that 
the hot products of combustion escaping from the furnace may be con¬ 
ducted through it, heating the bricks to a high temperature. The air 
necessary for combustion is pre-heated by passing through the hot bricks, 
so that the temperature reached during combustion is raised considerably. 

The gas entering the hearth mixes with the hot air and vigorous 
combustion takes place, the flame passing above and over the cast iron 
and lime with which the furnace is charged. At the temperature reached, 
the carbon in the cast iron is removed in the form of the oxide. The 
silicon, phosphorus and sulphur unite with oxygen and lime to form a 
slag which rises to the surface of the melted charge and is easily removed. 

When a test shows that the desired percentage of carbon is present, 
the melted steel is run into moulds. 

grade tool steel is now being produced in electrical furnaces. 
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The current is used merely to produce heat, so that the process is not 
dependent upon electrolysis. 

This method is almost identical with the open-hearth method, except 
in the way in which the heat is supplied, and it produces the same kind of 
steel. 

Steel which owes its distinctive properties to its carbon content is 
termed “ straight carbon steel.'’ It is a compound of iron and carbon in 
varymg proportions, and its strength depends upon its purity and upon 
the amount of carbon it contains. Straight carbon steel is usually 
divided into three classes as follows :— 

Up to 0*25 per cent, carbon . . Low carbon or mild steel 

0*25 per cent.—0-7 per cent. . . Medium carbon steel 

0*7 per cent.—1*5 per cent. . . High carbon steel 

The medium and high carbon steels have the important characteristic 
of being made very hard by heating to redness and cooling suddenly. 
The degree of hardness resulting from this treatment depends upon the 
carbon content and upon the rate of cooling, and on the cooHng liquid 
used. The low carbon steels, or miid steels, are not much ajffected by 
this hardening treatment, due to the low carbon content; but the harden¬ 
ing value increases rapidly as the percentage of carbon increases. 

The low and medium carbon steels can be forged, rolled and hammer 
welded, but as the carbon content increases, these operations become 
more difficult. The melting point of steel varies according to the carbon 
content (between 2,550° F. and 2,730° F.), the carbon having the effect of 
lowering the melting point. 

General Range of Carbon Steels 

Tools and parts to withstand heavy shock must be hard. The carbon 
content, therefore, should range between 0*8 per cent, and 1*2 per cent. 
For extreme hardness and -where shock is not met the carbon content 
may be from 1*2 per cent, to 1*5 per cent. 

For structural work mild steel should be used of about 0*2 per cent, 
carbon content. 

Carbon Steels 

Carbon combines easily with iron. The carbon of the pig iron, which 
may be over 4 per cent., is oxidised during the conversion process. This 
necessitates recarburisation of the steel to the amount desired by the 
addition of carbonaceous material. Low carbon steels, those which have 
less than 0*25 per cent, of carbon, are readily weldable, incapable of being 
hardened other than by case-hardening, are similar to iron, being tough 
and ductile though more homogeneous, and hence more reliable. Steels 
with 0*25 per cent, to 0*5 per cent, carbon are termed mild or medium 
carbon steels. They are not as easily welded as low carbon steels, but 
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can be hardened to some extent and exhibit grea ter strcngtli. The high 
carbon steels, i.e., those having 0-5 per cent, or more of carbon, give 
increased strength and hardness with increase in carbon content, but at 
the sacrifice of ductility and weldability. 

Carbon steels usually contain four clicinical elements in addition to 
iron and carbon. 

(а) Manganese. 

(б) Silicon. 

(c) Sulphur. 

{d) Phosphorus. 

Of these the first two are of value, as they improve the properties of 
the metal. 

Manganese ,—This is the most important element in steel. It de¬ 
oxidises ferrous oxide, which is harmful, and combines witli tlie sulphur 
to form manganese sulphide, the latter an impurity relatively harmless 
in small amounts. 

Silicon .—Silicon in ordinary amounts is used in steel manufacture, 
as a scavenger. It is useful in that it eliminates gases, thus making the 
metal sound and free from blow-holes. Only small amounts of sUicoii 
are added, a fraction of that added is found in tlie finished steel, seldom 
exceeding 0*25 per cent. 

Both silicon and manganese are introduced into iron in the smelting 
of the ores. Nearly all these elements are lost wlicu the iron is converted 
into steel. It is therefore necessary to add them to the molten metal 
before being run into moulds. Ferro-mangauese and IciTo-silicon are 
employed for this purpose. 

Sulphur ,—This is valueless to the metal and so is kept as low as pos¬ 
sible in all steels. Sulphur above O-OG per cent, should not be present 
in steels, or the steel wiU become very brittle and red-short, i.e., the 
condition of iron and steel in which it cannot be worked by hammering 
or rolling at or above a dull red heat. 

Phosphorus .—^This impurity should not be present above 0*06 per cent., 
or the steel will become cold-short, i.e., the condition of iron and steel in 
which it cannot be worked by hammering or rolling at or below a dull red 
heat. 

In the next section we shall discuss the various classes of steel used 
in aircraft construction. 
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STEELS USED IN AIRCRAFT CONSTRUCTION 

Steel Castings 

Low carbon (mild) steel can be cast into shape with varying success, 
but the higher carbon steels cannot be cast unless alloyed with certain 
other metals. 

Cast Steel 

The name is used to signify that the particular steel has been melted 
in a crucible and has then been cast into ingots. It is often termed 
'' Crucible Cast Steel ” and generally apphes to a high carbon steel. 
After being cast into ingot form it is subsequently forged or rolled into 
the required bar or sheet. 

Tool Steel 

Any straight carbon steel that has been crucible made can be called 
tool steel providing the percentage of carbon exceeds 0-7. Sheer steels 
and the “ open-hearth ” steels can never be termed tool steels, as they 
are as a rule unsuitable for tool making. The tool steels used for lathe 
tools, milling cutters, drills, etc., are high carbon steels with a carbon 
content of sometimes 1*2 per cent. 

High Speed Steels 

These are alloy steels and are so called because they are capable of 
cutting at a much higher speed and greater depth than a straight high 
carbon steel. 

The chief elements alloyed are chromium (Or.), tungsten (W.), man¬ 
ganese (Mn.), vanadium (V.), cobalt (Co.) and molybdenum (Mo.). 

Spring Steel 

The name given to steel particularly suitable for spring making if 
it is correctly heat treated. It is usually a straight carbon steel of 0*9 per 
cent, carbon content, but a small percentage of vanadium is often added 
in aero engine practice for high-class springs, giving greater resistance 
to fracture, and increased resilience. 

Stainless Steel 

This class of steel is used particularly for parts subjected to duty 
where corrosion is possible. They have physical properties similar to 
those of high grade alloy steels. The chief alloying element is chromium 
from 12 per cent, to 20 per cent, with varying percentages of nickel. 
Forging and rolling are done at high temperatures with these steels, 
generally between 4,150° and 4,300° F., for below 3,170° F. these alloy 
steels begin to resist alteration in form. In addition to forging and rolling, 
these stainless steels can be cast, pressed, machined and hammer welded. 
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COMPOSITION OF AIRCRAFT STEELS 


Aircraft Speci¬ 
fication No. 


Descrip f ion. 


3S1 

2S2 

2S6, S23, K5 
S8 

S9, SIO 
3S11, S12 


Bright steel bars .. 

55 ton alloy steel bars 
40 ” Carbon steel (normalised) 
45 ton alloy steel bars (heat tr(‘a 
3 per cent. Nickel steel .. 

55 ton Nickel-Clirome steel 


t(‘d) 


2S14 

3S15 

3S17 

2S21 
S26, S27 
2S28 


Carbon case-hardening steel 
3 per cent. Nickel steel .. 

5 per cent. ,, ,, 

2 per cent. ,, „ 

“ 20 ” Carbon steel 

‘‘ 40 ” Carbon steel (heat treated) 

Air hardening Nickel-Chrome steel 


S33, S34, K1 
S36 

561 

562 
S65 


100 ton oil hardening Nickel-Chrome stetd 
“ 30 ” Carbon steel (heat treated) 

60 ton Nickel-Chrome steel 
Chrome or Chrome-Vanadium st(‘cl 


High Chromium steel (non-corrodin 

55 35 55 it 

65 ton Nickel-Chrome steel 


g) 35/dr) tons 
4(5/52 „ 


S67 

S6S 


5 per cent. Nickel case-hardening stc'cd 
16 per cent. Tungsten steel 


569 

570 

571 

576 

577 

579 

580 

581 


3J per cent. Nickel steel 
“ 56 ’' Carbon steel (normalised) 

“ 30 ’’ 

’’ 53 „ (hardened and tempiux^d). . 

??!! ” ’’ ’’ ” ’’ 

High Chromium, steel (non-corroding) ori'tons 
65 to 75 ton Nickel Chromium Steel 


S82 


Nickel Chrome case-hardening steel 


S83 

K4 

K8 

KIO 


High tensile 5 per cent. Nickel case-hardening steel 

'' 50 ” Carbon steel (normalised) 

High Tungsten valve steel 
3 per cent. Nickel valve steel . ’ ! ! 
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MADE TO B.S.I. SPECIFICATIONS 


Chemical Analysis (per cent.). 


c. 

Si. 

S. 

P. 

Mn. 

Cr. 

Ni. 

Other 

Elements. 

•15-40 

•30 

*05 

•05 

•50-90 




— 

— 

•05 

•05 

— 

— 

— 

— 

•35-45 

•30 

•05 

•05 

1 *20 max. 

__ 

1 *0 max. 

— 

— 

— 

•05 

•05 

— 

— 

— 

— 

‘ 25-^35 

•30 

•05 

•05 

•35-76 

•30 max. 

2-75-3-50 

— 

•25-35 

•30 

•05 

•05 

•45-70 

•50-1-00 

3-0-3-76 

Mo. V. W. 
(optional) 

•]0-18 

•30 

•05 

•05 

•90 max. 

— 

— 

— 

•10-15 

•30 

•05 

•05 

•20-60 

■30 max. 

2-7O-3-60 

— 

*15 max. 

•30 

•05 

•05 

•40 max. 

•30 max. 

4-50-6-0 

— 

•15 max. 

•30 

•05 

•05 

•60 max. 

•30 max. 

1-50-2*25 

— 

•25 max. 

•30 

•05 

•05 

1-0 max. 

— 

•20 max. 

— 

•35-45 

•30 

•06 

•06 

•40-80 

— 

1-0 max. 

— 

•25-32 

•30 

•05 

•05 

•35-60 

1-0-1-50 

3-75-4-50 

V. Mo. W. 
(optional) 

•35-42 

•30 

•05 

•05 

•45--‘65 

•75-1-23 

1-25-1-75 

— 

•25-35 

•30 

•06 

•06 

•40-80 

— 

— 

— 

•32-38 

•30 

•05 

•05 

•45-70 

•50-1-00 

3-0-3-75 

— 

•35-45 

•30 

•05 

•05 

•50-80 

1-0-1-50 

— 

V. *25 max. 

•15 max. 

•50 

— 

— 

— 

12-0 min. 

1-0 max. 

— 

*15-35 

•50 

— 

— 

— 

12-0 min. 

1-0 max. 

— 

•22—28 

•30 

•05 

•05 

•35-65 

1-0-1-40 

2-75-3-50 

Mo. V. W. 
(optional) 

•08-14 

•30 

•05 

•05 

*35 max. 

•10 max. 

4-60-5-20 

— 

•55-70 

— 

— 

— 

•40 max. 

3*50 min. 

— 

W. 14*0 min. 
V. 1-0 max. 

•35-45 

•30 

•05 

•05 

•50-80 

•30 max. 

3*25-3-75 

— 

•50-60 

•30 

•05 

•05 

•40-75 

— 

— 

— 

•25-35 

•30 

•05 

•05 

1*20 max. 

— 

— 

— 

•35-45 

•30 

•05 

•05 

1*20 max. 

— 

1-0 max. 

— 

•25-35 

•30 

•05 

•05 

1*20 max. 

■ — 

— 

— 

•50-60 

•30 

■05 

■05 

•40-75 

— 

— 

— 

•25 max. 

•50 

— 

—. 

1-0 max. 

16-0-20-0 

1-0 min. 

— 

•28-35 

•30 

•05 

•05 

•45-70 

•50-1-30 

3-0-3-75 

Mo. V. W. 
(optional) 

*18 max. 

•30 

•05 

•05 

-50 max. 

1-0-1-60 

4-0-4-50 

Mo. V. W. 
(optional) 

•16 max. 

‘30 

‘05 

•05 

•40 max. 

•30 max. 

4-75-5*50 

Mo. V. W. 
(optional) 

•45--55 

•30 

•06 

•06 

•40-80 

— 

— 

— 

•55-70 

— 

— 

— 

•40 max. 

3*5 min. 

— 

W. 14-0 min. 

•25-35 

•30 

•05 

•05 

•35-75 

•30 max. 

2-75-3-50 

— 


{By courtesy of Hadfields Ltd. 
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Fig. 23. — CoNTHsruous normalising of encjinn parts. 

The parts aro fed in cold at one end and discharged at tlio oppodto (Sul at the 
temperature. 

Alloy Steels 

The term “ alloy ’’ steel is rather a inisiioint’ir, for there is no 
so-called carbon steel which is entirely free from (‘lemeiits other than 
carbon. 

Carbon steels invariably contain small percentages of silicon, man¬ 
ganese, snlph-ur and phosphorus, and it has been found iluvt tiic ])resence 
of small quantities of silicon are a distinct advantage ; and the same 
applies to manganese. Both of these elements are usually kept beIo¥ 
1 per cent, in carbon steels. When other elements are introduced, eveniii 
small amounts, the properties of the steel are noticeably altered. These 
steels are usually termed alloy steels, and they possess peculiar strength 
and fatigue-resisting qualities, which render some of tlic.ni very suitable 
for aeroplane work. Superiority in strength.-weight ratio over other 
steels has been the principal cause for adoption. The tables on pages 
66 and 67 show the chemical constituents (expressed as percentages) of 
aircraft steels conforming to British Standard Institution Specifica¬ 
tions. 

The Effects of the Addition of Some Elements 

Niclcel ,—^Nickel is added to steel in quantities varying from 2 per 
cent, to 40 per cent. The addition up to-5 per cent, to ordinary low 
carbon steel has the effect of raising the elastic limit and increasiag 
the toughness, this latter feature being very important. Three per cent, 
and 5 per cent, nickel steels are extensively used for parts that require 
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case-hardening, because of the increased toughness of this steel oyer 
ordinary low carbon steel or iron. These steels of 3 per cent, and 5 per 
cent- nickel addition, are slightly harder than straight low carbon steel, 
but can be readily machmed, and when hot, can be forged and rolled. 
Bars of steel containing about 20 per cent, nickel have a very high 
tensile strength and can be bent double without any signs of cracking. 
When the nickel content reaches 27 per cent., the alloy becomes non¬ 
magnetic and ahnost non-corrodible. Steel containing 36 per cent, 
nickel, called ''lisWAE,'' is largely used in the manufacture of scientific 
instruments, clocks, etc., for the reason that changes of temperature 
produce less expansion and contraction than in any other known metal 
or alloy. 

Nickel and Chromium .—^The addition of nickel and chromium to low 
carbon steel imparts the following yaluable properties :—High elastic 
limit, with high ductility, great resilience with better wearing qualities 
than carbon steel. 

Steels which contain nickel and chromium m varying quantities can 
be grouped m three classes, termed Nickel-chrome steels, and contain 
approximately:— 

Per cent. Per cent. 

{a) Mild Ni.-Cr. Steel.Ni. 3-6 ‘ Cr. 0*5-0-8 

(6) Medium Ni.-Cr. Steel .... Ni. 3-5 Cr. 0*8~l-0 

(c) Air-Hardening Ni.-Cr. Steel . . . Ni. 3-6 Cr. 1-0-1-5 

When the chromium content is above 12 per cent, the aUoy becomes 
non-corrodible and is called Stainless Steel. 

Vanadium .—^This element is added in small quantities to steel to 
impart fatigue-resisting characteristics. Steels and alloy steels which 
contain about 0-25 per cent, possess an extremely high elastic limit and are 
exceedingly tough. Steels w^hich are subjected to high alternating stresses 
and severe shock, such as aero engine valve springs, Oleo ’’ imdercarriage 
springs, contain about 0-2 per cent, vanadium. The front axles of several 
weU-known cars are made of steel forgings containing a small amoimt of 
vanadium. 

The addition of 0-2 per cent, vanadium to ordinary low carbon steel 
has the effect of increasing the elastic limit and the toughness by about 
50 per cent. 

Tungsten .—^The addition of tungsten to carbon steel and other alloy 
steels enables the aRoys to be hardened to a high degree. Most “ High 
Speed ’’ steels contain tungsten, as it is this element more than any other 
which enables these steels to be used for high speed machining work. 

In certain known quantities it imparts air-hardening ” properties 
and for this reason is frequently used for aero engine exhaust valves. 
It has the property of retaining its strength and har&ess at dull red heat. 
If tungsten is added to the amount of 15 per cent, to carbon steel it is 
then impossible to machine by the usual methods ; 8 per cent, tungsten 
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content will render steel sufficiently hard to scratcli glass. A high 
carbon steel containing 6-0 per cent, tungsten, with other alloying elements, 
is largely used for magnets, as it retains its nnignctic properties much 
longer, and gives a “ field ’’ more intense than ordinary carbon steel. 

Manganese .—Manganese added to steel will also iin])a,rt exceptional 
hardness. Should the manganese content he about 5 per cent, the steel 
is very hard, but so brittle as to be ])ra<‘-ti(‘ally worthless. But when 
manganese is present from 11 per cent, to 15 per cent, tlie steel becomes 
exceptionally hard and is tough instead of brittle. It is very difficult to 
machine with this manganese content and Ibrges only with difficulty. 
Casting is the most satisfactory method of shaping this material. Steel 
containing a high percentage of manganese is used for jaws of stone¬ 
breaking machines; armour-plating steels also contain .11-15 per cent, 
manganese. Burglar-proof safes, railway and tramway (uirvcs are also 
made of a steel containing manganese up to 15 per cent. Steel containing 
over 5 per cent, manganese is non-magnetic. 

Cobalt and Chromium. —^When these elements arc alloyed with carbon 
steel, special characteristics are imparted, such as non-scaling at high 
temperature, non-corrOdibility, and air-hardening. This alloy is often 
used because of these properties for aero engine valves and special exhaust 
manifolds. Both cobalt and chromium are alloyed with Iiigh carbon 
steel to produce a high speed steel for special cutters, dies, etc., because 
of the air-hardening and exceptional cutting power of the alloy steel. 

Cobalt. —^The addition of cobalt to a high carbon steel produces an 
alloy which has exceptional magnetic properties. A permanent magnet 
made of 35 per cent, cobalt steel is capable of giving a ‘‘ field ” about 
three times as intense as that of a tungsten alloy, and about eight times 
that of a high carbon steel. 

Molybdenum. —^Has an influence on the physical properties and on the 
structure of steel similar to that of tungsten, but four times more intense. 

When added to nickel-chrome steels, molybdenum has the effect of 
preventing temper brittleness. 

Molybdenum increases the resistance to mineral and organic acids. 

Mechanical Properties of Steel 

The mechanical properties of steels, as with all materials, primarily 
determine the suitability for specific purposes. Practically all steels 
used in aeroplane construction have less than 0*9 per cent, carbon. 
The carbon content ^ the result of tests, by w'hich the correct combination 
of strength, elasticity, hardness and workability have been estimated 
suitable for a particular service. 

The Tensile Strength increases with carbon content up to approxi¬ 
mately 1 per cent. So also does the hardness. 

Tensile strength is defined as the maximum load.required to fracture 
a specimen oi the material, divided by the original area of cross-section. 
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Fig . 24. —Oferating a purnace por heat treatment. 
The hearth rotates in order to give uniformity of results. 


Yield Point .—The load per square inch at which, when the load is 
increased at a moderately fast rate, a visible increase occurs in the distance 
between two points origmally marked on the test piece. The yield point 
increases vdth the carbon content. 

The Elastic Limit increases with the carbon content. The elastic 
Ihnit is the maximum stress the material will bear continuously 
appHed for an indefinitely long period without continually increasing 
strain. 

The Shearing Strength .—The ratio of shearing strength to tensile 
strength is approximately 0*8 for low and medium carbon steels, but 
decreases as the carbon content increases, being in the vicinity of 0*6 for 
high carbon steels. 

The Modidns of Elasticity is nearly the same for tension and compres¬ 
sion, and for either stress it is practically independent of the carbon 
content. The modulus of elasticity is the weight in pounds which would 
stretch or compress a bar of sectional area of one square inch by an amount 
equal to its own length. 

Fatigue .—The dimmishing resistance to fracture caused by contmued 
application of alternating or varying stresses. 

Elongation .—The difference in the distance between two points before 
and after breaking of the test piece by stretching. It is usually expressed 
as a percentage of the original distance between the set pomts. 
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Factorof Safety—The factor of safety is the ratio between the ultimate 
stress and the working stress. 

Load Factor .—^Used only in connection with aeroplanes, as the ordinary 
engineering safety factor is not feasible. It is usually the ratio of the 
breaking stress of the parts to the load carried in normal lev’-el fliglit. This 
factor provides the necessary strength for nuinmuvres, but does not 
necessarily include any margin when conditions for maximum possible 
stress are imposed. 

Defects in Steel 

Impurities and foreign matter have a great effect, on the quality of 
steel, even if present only in minute quantities. These are introduced 
into the steel at some stage of melting and refining, or at some stage 
during hot working. Most of the defects originate in the melting furnace 
or ladle prior to pouring. 

Reaction Products 

The extent to which solid non-metallic items are included in the 
finished product depends on the nature of the process and, to a great extent, 
on the care used in melting and refining. The reaction products found are 
chiefly manganese silicate and ferrous silicate. M^anganose oxide and 
ferrous oxide are not common, but affect the quality of the steel and its 
mechanical properties to a great extent. 

Slag 

Solids, such as slag, may be introduced mechanically througli contact 
with the slag, ladle linLags, etc. Proper care in the maintenance and repair 
of furnaces and ladles obviates much of this. 

Occluded or Dissolved Gases 

Most steels will contain traces of occluded or dissolved gases, princi¬ 
pally hydrogen, nitrogen and carbon monoxide, though oxygen and carbon 
may also he present. During the mushy stage, the metal in the moulds 
is too viscous to allow the gas bubbles to escape, with the result that on 
solidification these bubbles form cavities in the ingots known as blow¬ 
holes. 

In carbon steels the harm that may result from blow-holes depends 
largely upon their location. If deep-seated, the blow-holes will close and 
weld during hot rolling, thus eliminating the defect. 

Ingot Defects 

A ca^ty due to contraction occurring in that portion of the ingot 
which sohdifies last is one of the most common defects. 

m have this to some extent, and if absent, blow¬ 

holes will nearly always be found. To operate against this evil in the 
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finislied product, mould 
design and control in 
pouring aim at having 
it in the top of the ingot, 
which can then be 
removed by machining. 

Cracks and scabs are 
also ingot defects. The 
former result from 
contraction of the 
metal in immediate 
contact with the cold 
mould. The latter are 
produced by particles 
of molten metal splash¬ 
ing against the mould 
wall in pouring, and 
there solidifying. 

Defects in Hot Working 

The most common 
defect likely to occur Fig. 25.—^ALUMiNnrii electric eubnace. 

in the rolling mill is a 

sliver. This is a small piece of metal that becomes loose and is roUed 
into the surface. It often results from rolling out a scab. 

Segregation 

Steel is a mixture of several elements and compounds. It may also 
contain appreciable amounts of foreign matter. Some of the compounds 
have sohdification points differing from the bulk of the metal and tend to 
concentrate on the upper part of the ingot, or the portion last to solidify. 
Segregation is this rejection and concentration of impurities. 

ALUMINIUM 

Aluminium is believed to be the third in order of abundance of all 
the elements, and is the most prevalent of aU the metals. Most of it is, 
however, in a complex form which cannot, at present, be used profitably 
for production purposes. Bauxite and cryohte are the only hnportant 
ores in use for the manufacture of aluminium ; bauxite, of which there 
are large deposits in Ireland, being in more general use. 

Production of Aluminium 

Bauxite has to be purified before aluminium can be manufactured. 
Purification is carried out with caustic soda solution under pressure. 
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This dissolyes the aluminium oxide, leaving the impurities undissolved. 
The solution is then filtered and carbon dioxide used, which precipitates 
a fine white powder. The next operation is in an electric furnace for 
which special electrodes are necessary. The positives or anodes are carbon 
blocks and the negatives or cathodes are cast iron. 

The white powder is delivered by pipes to the electric furnace, which 
is being operated at 5-5 volts. The furnace consists of a cast iron case 
packed with hard carbon. The gases which are produced escape through 
the vent pipe, which may also deliver the white powder. The heat 
generated by the electric current melts the ore and the oxygen combines 
with the carbon of the anode, forming carbon monoxide. The liberated 
aluminium sinks through the molten mass, the furnaces being tapped 
twice a week. The aluminium is carried by a conveyor to the refining 
furnace as quickly as possible, as the molten metal is rapidly oxidised by 
the air. The furnace is kept heated, so that any heavy impurities sink 
to the bottom of the pan. 

The oxide is then skimmed off the surface of the metal, and the 
aluminium run into moulds. 

Properties of Aluminium 

The metal is silvery white in colour and has a specific gravity of 
2*67 and melts at 1,200° F. It is the lightest of all useful metals except 
magnesium. It is soft, ductile, malleable, and in a pure state, offers a 
marked resistance to corrosion. Tenacity is about 7 tons per square inch. 
It can be worked by any of the common processes, such as rolling, spinning, 
stamping, drawing, tapping, forging, extruding, and macliining. It can 
be electrically welded, but soldering is very difficult. The fact that pure 
aluminium is soft and of low tensile strength makes it unsuitable for 
many purposes, but it alloys readily with copper, manganese, magnesium, 
nickel, and silicon, and forms many useful alloys. 

ALLOYS OF ALUMINIUM 

Duralumin 

This important aircraft alloy is composed of an aluminium base with 
approximately 4 per cent, of copper, or 0*05 per cent, manganese and 
0*05 per cent of magnesium. A little silicon is also present as an impurity. 
The tensile strength is about 28 tons per square inch, and it has a specific 
gravity of 2-85. It has the property of age-hardening during the period 
of three to four days, after suitable beat treatment. It offers marked 
resistance to corrosion when in the fully age-hardened condition, and this 
useful characteristic can be intensified by a process known as Anodising.’^ 
The metal thus treated also has a marked resistance to the action of sea 
water and corrosive condition, provided the metal is not surface-damaged 
in any way. 
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Alpax 

This is an aluminium silicon alloy containing 10-14 per cent, silicon, 
the remainder being aluminium. This alloy is used only for castings. 

Alclad 

This is an aluminium-coated duralumin sheet and must be uniformly 
covered on each side. The tensile strength is 24 tons per square inch 
and it is used for structural ancraft work. 


Aluminium Base Alloys 

The following table shows the composition and use of certain aluminium 
base alloys. 


Copper 
per cent. 

Manganese 
per cent. 

Magnesium 
per cent. 

Zinc 
per cent. 

Nickel 
per cent. 

Heat Treatments. 

Bemarks. 

Min. 

Ma.^. 

Min. 

Max. 

Alin. 

Alax. 

Min. 

Max. 

Alin. 

Max. 



3-0 

4-0 

0-4 

0-7 

0-4 

0-7 

— 

~ 

— 

— 

Anneal 350°-420° C. 
Normalise 480°±10° C. 

Wrought 
Aluminium 
Alloy bar. 
(Dural) 
Alloy sheet 

2-5 

3-0 

— 

— 

— 

— 

12*5 

14*5 

— 

— 


(Dural) 

3-5 

4*5 

— 

— 

1-2 

1-7 

— 

— 

1*8 

2-3 


Castings. 
“Y’’ Alloy 

3-5 

4-5 



1-2 

1-7 



1-S 

2-3 

Anneal 360^-420° C. 
Normalise 490°-520°C. 

Castings. 
‘‘Y” Alloy 
Bar. 


COPPER AND ITS ALLOYS 

Most of the copper of commerce is extracted from sulphuretted ores, 
i.e., iron sulphides of copper. This is a most complicated process, because 
the sulphides caimot be reduced by heatmg Avith carbon, owing to the 
iron content. 

Method of Extraction from Ore 

A typical procedure is first to crush the ore and then eliminate the 
silica and a great deal of the iron by oil flotation. The results of this 
operation are then roasted to remove other impurities. They are then 
smelted in a long and rather narrow furnace with a concave floor, together 
with silicious flux. It is heated by a flame from coal, the heat being 
reflected down upon the charge from the roof. Some of the sulphur is 
burned and part of the iron is converted into iron oxide ; this with the 
silicon forms a slag. The result is a heavy liquid called '' copper matte,” 
or coarse metal.” 
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The matte is again smelted in a blast furnace, similar to that used 
for making cast iron. The results of this are called various names 
depending upon the iron content. If blue nietal ’’ or pimple metal,’^ 
it is then resmelted until the results are approximately 75 per cent, copper, 
when it is known as “ fine metal.’’ 

Blister Copper 

The '' fine metal ” is tapped off into a converter similar to the one 
used in the Bessemer process. Silica is then added and liot air is blown 
on to the molten mass. This forms copper and sulphur dioxide. As the 
copper cools, the sulphur dioxide is given off, leaving the copper covered 
with blisters, and is consequently known as '' blister copper.” It is 
approximately 95 per cent, pure metal. 

Electrolytic Copper for Aircraft Work 

For aircraft work the '' blister copper ” is purified by electrolysis. 
The blister copper is made the anode, the cathode being thin sheets of 
pure copper. The liquid is copper sulphate with about 12-“15 per cent, of 
sulphuric acid and is maintained at a temperature of 120'^ P. The pure 
copper is deposited on the cathode, while the impurities collect at the 
bottom of the tank. 


Alloys of Copper 

Copper is used as the base of many alloys, the main ingredients being 
zinc, tin, iron and aluminium. Definite names have been given to these 
alloys. The two main classes are termed brasses and bronzes, the former 
being mainly zinc and copper, the latter tin and copper. They are manu¬ 
factured by melting the copper, and, after skimming, adding the necessary 
percentage of alloying elements after they have been preheated. 

The following are a few of the alloys :— 


Bell metal 80% copper, 20% tin. 

Brass 70-80 % copper, 

30-20% zinc. 

Bronze 80-90% copper, 

20-10% tin. 

Delta metal 55—60% copper, 

41-38% zinc, 

4-2% iron. 

German 60% copper. 20% nickel, 

silver 20% zinc. 

Monel 27% copper, 68% nickel, 

metal 2-3% iron, manganese, 

etc., traces. 


Phosphor 99-5% bronze, 
bronze 0*5% i^hosphor. 

Constanton 60% cox^per, 40% nickel. 

Manganin 81% cox)per, 

17% manganese, 

2% nickel. 

Aluminium 88% copper, 
bronze 8% aluminium, 

4% manganese and iron. 

Gun metal 90% cox^joer, 8% tin, 

2% zinc. 

Naval brass 59% cop-pev, 38*5% zinc, 
1*5% tin, 0*5% iron, 
0*5% lead. 



GENERAL SURVEY OF AIRCRAFT 
RADIO COMMUNICATION 

By J. M. Fctenival 



Fig, 1. — Maeconi type a.d. o7/o872 short- aistd ivied itjm-wave aircraft transmitting 

AND RECEIVING EQUIPMENT DESIGNED POE EMPIRE AIR ROUTE COMMUNICATIONS. 

I T is possible to-day to convey intelligence by wireless from one point 
to another in one of several different w^ays. The most usual form is 
the transmission of telegraph messages, which can be sent in the Morse 
code by hand operation or by the automatic high speed system such 
as is used by the high-power telegraph services of the world. 

As the automatic system—by means of which traffic may be sent 
at speeds of 400 w^ords a minute or more—^is too elaborate in equipment 
for use on present day aircraft it is necessary to limit the speed of sending 
to that which can be effected by the operator by hand key, which averages 
about 20 words per minute. The maximum amount of intelligence 
is, however, compressed into the message by the use of abbreviated 
codes. 

Wireless Telephony for Flight Control 

Some time prior to the Great War experiments had been made in 
speaking over the ether. The need for some direct means of communica¬ 
tion between the leader of a formation and the members of his flight 
led to the war-time development from these early experiments of the 
aircraft wireless telephone for use by the Royal Air Rorce. This system 
of flight control by wireless telephony has nowadays become highly 
developed and is finding favour in many countries. 
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Fig. 2.—Two siaucoki-adcock d.f.g. 10 direction finders workinq off a common 

AERIAL SYSTEM. 

Facsimile Transmission 

Yet another method of conveying intelligence is by the transmission 
of pictures and line drawings. A fairly compact form of apparatus has 
been devised whereby writing or sketches can be transmitted from air 
to ground or vice versa. 

Television 

Finally, there is television. What service television can render to 
aviation has yet to be ascertained, but scientific and technical experts 
are already engaged on examining this problem. 

Electro-M^netic Wave Propagation 

To appreciate the application of wireless to aircraft communication 
it is necessary to have some understanding of the characteristics of 
electro-magnetic wave propagation through the ether. 

Whilst these waves travel through space with the speed of light, the 
length of the wave can be varied over a wide range by adjustment to 
the electrical capacity and inductance of the oscillatory circuit which 
meiudes the aerial from which the waves are radiated. By the choice 
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of suitable values of capacity and inductance, comprising the oscillatory 
circuit, the appropriate wavelength can be readily determined and 
calibrated. 

Upon the wavelength used will depend the distance over which 
the waves wiU travel, the path they will take and the power necessary 
to produce them. 

Wavelength Allocation 

The wavelengths used in a normal broadcasting receiver, which range 
from 200-550 metres and from 1,000-2,000 metres, are those most suitable 
for rehable communication over medium distances. In the gap between 
550 and 1,050 metres are to be found wavelengths which are allocated 
to mobile services. 

Commercial Aviation 822-1050 metres 

Six hundred and 800 metres are wavelengths allocated to ships and 
shore stations, whilst the majority of the aircraft communications of 
Europe, so far as commercial aviation is concerned, employ waves within 
the band 822-938 metres. Radio beacons for marine navigation occupy 
the band 950-1,050 metres. 

Above these groups wiU be found the long wavelengths ranging from 
3,000 to about 20,000 metres which are used by the high-power telegraph 
and telephone traffic stations of the world. Long-wave equipment is, 
generally speaking, too bulky for installation on aircraft. 

Below the medium wavelengths are to be found the intermediate, 
short, and ultra-short weaves, which have special apphcation to aero¬ 
nautical services. 

For Military Work 50-200 metres 

Intermediate waves between 50 and 200 metres are commonly used 
for commercial aviation in America and also by the mihtary services 
for formation control by wireless telephony and the hke. 

Short Waves and their Possibilities 

Below the mtermediate wavelengths there hes the valuable band 
of short waves by the use of which it is possible to cover great distances 
over the earth’s surface. 

When such short waves are radiated from an aerial, propagation 
not only occurs over the earth’s surface but at the same time a '' sky 
ray ” is radiated upwards and reflected back again to the surface of the 
earth from the ‘‘ Heaviside ” layer. 

The distance over which it is possible to receive such waves will 
depend upon the wavelength used, time of day or night—^longer waves 
by 'night and shorter by day—the season of the year and the region of 
the earth. 

In addition to the advantage possessed by short wavelengths of 
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enabling great distances to be spanned with relatively small power, it 
has been found that short wavelengths are not so susceptible to atmos¬ 
pheric interference as is often the case with medium waves, particularly 
in tropical regions. 

Why Combined Medium- and Short-wave Sets are used 

Short-wave communication is, however, subject to fading at times 
and to a skip ’’ effect experienced when the down-coining ray arrives 
at the earth’s surface beyond the range of the direct ray, so leaving a gap. 

Because of these inconsistencies modern practice provides for the 
installation on large aircraft, such as service flying boats or commercial 
aeroplanes operating along the world’s main air routes, of combined 
medium- and short-wave transmitting and receiving equipment by the 
use of which it is possible to obtain virtually 100 per cent, reliability. 

The Question of Range 

Although long-distance communication is not a primary requirement 
in connection with air route operation—about 500 miles being usually 
sufficient—^very great distances have from time to time been covered. 

The possibffity of long-range short-wave communication from aircraft 
to ground was first observed during some early experiments conducted 
by collaboration between the Marconi Company and the Air Ministry 
many years ago. Wireless telephone messages transmitted to listening 
stations in this country having been picked up at Cairo. Later, when 
the first air route short-wave experiments were being conduc^ted, communi¬ 
cation was established from a flying boat over the North African route 
to the British Post Office station at Portishead near Bristol. 

Upon another occasion it was found possible in the early morning 
to exchange greetings between New York and an aeroplane when flying 
over the Persian Gulf en route to India. 

The Ultra-short Wave Band 

Below the short wave band there exist the ultra-short waves which 
have a valuable application to aircraft services for short-range operations, 
such as are required for giving guidance when landing in conditions of 
bad visibility. 

Ultra-short wavelengths become very rapidly attenuated as they 
travel^ over the earth’s surface, but they also follow an optical path, 
behaving somewhat as light rays in this respect, so that high flying 
permits of greater distances being covered. 

Since ultra-short waves are generally free from interference from afar 
and are not subject to atmospheric disturbances their employment in 
connection with local aircraft communication is likely to increase in the 
rature, particularly as it is possible easily to direct the radiation into the 
torm of a beam which can be employed for guiding purposes. 
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Fig . 3. —Maeconi type a.d. 63 b. teansmitteb and a.d. 64 b. receiver designed for 

USE IN MODERN HIGH-SPEED AIRCRAFT. 

On the other hand, these wavelengths are particularly susceptible 
to local man-made static ’’ and it becomes necessary to take strict 
precautions to ensure that the electrical and ignition systems on aeroplanes 
and engines are effectively shielded, otherwise a prohibitively high noise 
level would result. 

Location of Sets 

Modern sets of this type when installed in single-seater fighter aero¬ 
planes are usually placed behind the pilot’s seat and remotely controlled 
by electrical or mechanical means. 

* ‘ Pre-set ” Wavelengths 

The pilot is usually provided with a choice of at least two '' pre-set ” 
wavelengths for use by day or by night, for working to the ground or 
to other aeroplanes or for the avoidance of interference which may some¬ 
times be received from afar. 

The microphone, specially designed and somewhat heavily damped 
so as to have anti-noise properties for the elimination of engine roar, 
will in most cases be incorporated in the oxygen mask required for 
high-altitude flying, and with this apparatus the pilot or observer will 
be able to keep in touch with the other aeroplanes in the formation and 
with the ground stations. 

Ignition Interference 

Ignition interference has long been the bugbear of the aircraft radio 
engineer, but steps have now been taken according to technique now 
well recognised w^hereby the fullest screening and bonding specifications of 
engines and airframe must be complied with where sensitive radio receivers 
are required to operate. The modern aero engine screening harness ” 
also cleans up the ignition wiring and installation, producing a better 

A.E.— VOD. I. 
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engineering job tending towards reliability in all weathcM's and to ease 
of maintenance. 

Navigating by Wireless 

Hand in hand with the development of wireless for aircraft eoinmuni- 
cation there has grown up an elaborate system of directional wireless 
for the navigating and guiding of aeroplanes out of siglit of land. 

Several different systems of directional wireless arc in common use 
in connection with air navigation, but the principles involved are, 
broadly speaking, derived from the directional propcrti(\s of a, simple 
loop aerial which if rotated about its vertical axis in the ])a.th of the 
waves becomes non-receptive when precisely at right a,nglcs to the 
direction of their travel. 

The Loop Aerial 

Loop aerials of this type are now commonly fitted to large aeroplanes, 
the conductors being enclosed, excepting for a small insnhiting section, 
in a light metal tube of about 1 in. bore and formed into a, ca’i’ciilar loop 
about 12 or 18 in. in diameter. This loop is designed so as to be rotatable 
from the interior of the hull of the aeroplane by a band w heel moving 
over a scale calibrated in degrees. 

On some high-speed aeroplanes arrangements are made so that the 
loop may be retracted when not in actual use for the purpose of taking 
bearings. On smaller craft it is sometimes arrangccl to fix the loop 
permanently at right angles to the line of flight, the whole aero[)lane being 
swung until the head of the aeroplane points to the station from which 
signals are being received. This latter form of directional guidance 
is termed homing ’’ and means have been devised so that the ])ilot can 
obtain a visual indication by a central reading meter installed on the 
dashboard. When he is on course the pointer of the meter remains in 
the central position. If he veers to the right or to the left the meter will 
show’ a corresponding deflection. 

When using a rotating loop direction finder for the taking of bearings 
of stations off course ” it is necessary to observe the reading of the 
direction finder with reference to that of the magnetic compass. The 
bearings are then laid off on the navigator’s chart, it being thus possible 
to plot the position of the aeroplane by taking bearings in fairly quick 
succession on two or more stations suitably situated. 

Ground Organisation for Direction Finding 

Although many of the large service and commercial types of aeroplanes 
ave in late years been equipped with such direction-finding apparatus, 
the primary organisation for is provided on the ground. The 

stations are situated at the main aerodrome and air route junctions or 
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occasionally to one side or another of a main route so that a service of 
bearings or fixes can be given on request. 

The stations are provided and operated by the various administrations 
controlling the radio communication service in the territories over which 
the routes extend. 

All that is required is for the aeroplane operators to caU up and then 
transmit continuously for a brief period when one or more of the ground 
D.F. stations will take observations and the bearing or fix wiU in turn 
be passed back to the operator. 

According to figures given in the Maybury Report, recently issued, 
no less than 32,000 directional bearings were given during the year 1935 
by the British ground stations for which the Air Ministry are entirely 
responsible. It will thus be evident that the passage of messages involved 
in the operation of the ground D.F. service account for quite a large 
proportion of the total radio communication traffic. 

Reflection of Wireless Waves 

It is a characteristic of wave propagation that during the night and 
more particularly at sunset and sunrise the medium and to some extent 
long waves are subject to a considerable amount of reflection in a similar 
mamier to that observed when short waves are employed. 

Unless the direct ray along the earth's surface is much stronger than 
the reflected one, as would be the case at close ranges, the arrival of the 
reflected ray having undesirable characteristics upsets the operation of 
the instrument, causing wandering and obscuring of the minima. 

The Marconi-Adcock System for Eliminating Reflected Rays 

Methods have been devised, for example, by the Marconi-Adcock 
system, whereby the reflected ray can be substantially ehminated. 

According to this system the normal loop aerials are substituted by 
four vertical conductors set at the corners of a square and connected 
through a radiogoniometer to the receiver by means of screened hori¬ 
zontal conductors which may be buried in the ground. 

It wfll be appreciated that such methods are only applicable to ground 
stations and hence an extensive chain of them is being provided to serve 
the need of our main Empire routes so as to permit of the direction-finding 
service being rendered both by day and by night. 

Experts are now engaged in applying the same methods to short¬ 
wave direction finders so that bearings can be taken over the much 
greater distances necessitated by the development of the Transatlantic 
air services of the future. 

An Alternative System 

An interesting alternative to the Adcock system is that of differen¬ 
tiating between the time of arrival of the direct and the reflected rays. 
That which follows the earth’s surface will take the shorter path and will 

6—2 
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Fig. 4. Mabcoki soseebibg habness type 630 a. designed pob a bbistoe “ pegasvs 
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If two such loops are disposed at right angles to one another and 
arrangements made to transfer energy from one to the other in the 
rhythm of dots and dashes, an aeroplane fitted with a simple receiver wiU 
be able to steer a course along a path marked by these two over-lapping 
fields. 

Should the aeroplane deviate to one side of the course or the other, 
dots and dashes wiU predominate. When on course the dots and dashes 
will merge together into one continuous tone or note. 

Such a system will be subject to the same night errors which beset 
the loop direction-finding receiver, but investigation has shown that the 
substitution of four vertical aerials for the loop antenna has had the 
effect of substantially reducing the errors hitherto experienced. 

Such directional transmitters have been developed and are extensively 
used in America where, under the name of The Radio Range,” they 
are employed to mark out the many internal and trans-continental air 
routes forming the great American network. 

The ‘‘ Radiophone ” Service 

As most of the available medium wnvelengths are allotted to this 
'' radio range ” service, wdth w^hich is combined weather broadcasting, 
the air to ground communications in America are wwked on short 
and intermediate wavelengths by the highly developed '' Radiophone ” 
service. 

Ry the extensive use of wireless telephony for weather information, 
etc., and by the simple A and N guiding system of the '' radio range,” 
the American authorities have found it possible to avoid the carriage of 
the professional wireless operator on their internal air routes. 

Although on the European and Empire air routes radio communica¬ 
tion and direction-finding services are at present closely interconnected, 
common equipment and operating staff being provided, it would appear 
that the tendency m the future w'^Ol be towards the separation of the 
two systems so that wireless navigation can be carried on indepen¬ 
dently and as far as possible simultaneously with the communication 
service. 

Modern Requirements Summarised 

It will thus be seen that modern communication requirements call 
for the provision of equipment on the ground and in the air comprising 
short and/or medium w^ave transmitting and receiving apparatus together 
with direction-finding facilities embodying night error-free properties 
wherever possible. Supplementary ultra-short wave fog-landing equip¬ 
ment may also be fitted. In this comiection it may be of interest to 
describe briefly the equipment now being provided for the new fleet of 
Empire and Transatlantic aircraft being placed into service by Imperial 
Airways Ltd. 
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Empire Flying Boats Equipment 

On the Empire boats a combined medium- and short-wa-vc transmitter 
is installed enabling waves between the limits of 17 and 75 metres or 
600-1,100 metres to be radiated from either lixcd or trailing aerial. 
The power for transmission is derived from two LOOO watt generators 
mechanically driven from two of the four Rristol Pegasus ” engines. 
Power from these generators at about 25 volts is supplied through a 
control board to a specially designed motor gcnei’a.tor set, the high and 
low tension output of which is connected to the anodes and filaments of 
the transmitting valves. The transmitter is designed in such a way that 
in the event of a failure of either short or medium wave portions the 
whole transmitter will not be put out of action. 

The power of the transmitter is such that a ra,nge of 600 miles is 
normally to be obtained when transmitting continuous wa,vc telegraphy 
over water, distances of 1,000 miles and upwards being bridged by the 
selection of a suitable short wave within the wide band provided. 

Wireless telephony can be transmitted on medium wavelengths for 
local landing instructions, etc., and pulses on sliort wavelengths for the 
intended short wave direction-finding services of the future. 

The Power Supply 

In case of emergency it is possible to drive the motor generator by a 
small petrol engine through a special clutch or coupling. The engine can 
be instantaneously connected and started electrically. When it is 
necessary to do so, it is possible to use this combination for replenishing 
the main batteries of the aeroplane, the motor of the motor generator being 
converted to a dynamo for the purpose. 

The Trailing Aerial 

When in flight a trailing aerial may be used to extend the range of 
transmission to the maximum required. The aerial is lowered through a 
fairlead which is retracted into the hull of the boat before alighting on 
the water. When it is desired to transmit messages from the boat on 
the water the fixed aerial is employed, the height of which may be in¬ 
creased to the maximum permissible extent by the use of a telescopic mast. 

The All-purpose Receiver 

For the reception of messages and for direction-finding services on 
hoard the Empire boats an all-purpose short-wave, medium-wave, and 
direction-finding receiver is provided. This receiver works in conjunction 
with a dipole aerial for short-wave reception and a 10 in. rotatable and 
retractable loop for direction finding. 

^ output from the receiver is taken to a 

swi ctog umt by means of which three different methods of directional 
recep ion can be applied, namely, the usual minimum method, zero 
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sharpening being applied to facilitate the accurate measurement of the 
bearing, the equal signal system, in which an equal balance of signal on 
either side of a hand smtch indicates the bearing, and the visual method 
by centre reading indicator on the pilot’s dashboard. 

This latter method is only suitable where bearings are taken on a 
station sending a continuous carrier such as a broadcasting transmitter. 

Transatlantic Aircraft Equipment 

On the aircraft destined for the Transatlantic service a somewhat 
more elaborate equipment is installed. Thus, in addition to the wave 
bands provided for the standard Empire service, an additional band 
covering 90-190 metres is provided to enable British aeroplanes to use the 
wavelengths allocated in America to aeronautical services. One of these 
wavelengths is 183 metres, which has been adopted by Pan-American 
Airways for much of their communication service. 

On the Transatlantic aeroplanes an additional receiver is carried for 
direction finding, whilst on certain aeroplanes ultra-short wave fog-landing 
equipment is also installed. 

By the use of such equipment working in conjunction with the highly 
organised ground station service comprising short- and medium-wave 
transmitting and D.E. receiving apparatus established at suitable points 
in Ireland, Newfoundland, Bermuda, Azores and at New York, it is 
anticipated that it will be possible to maintain the constant communica¬ 
tion and direction-finding facihties required for the Transatlantic air 
services of the future. 

A Vital Problem 

One of the vital problems of the present day is the congestion of 
traffic through the ether, brought about by the general growth of air 
services and also by the increase of messages in connection with the 
control of flight under bad weather conditions. Consequently every 
care has to be exercised by the designers of aircraft apparatus so that 
as many channels as possible may be worked in any given wave band. 
This means the provision of transmitters capable of being set very 
accurately to the allotted wavelength. Arrangements must be made for 
the quick selection, if necessary by remote control, of any one of four or 
five pre-set wavelengths. Receivers must be correspondingly selective 
and easy of adjustment. 

Details of ground equipment and aeroplane wireless equipment will be 
given in later articles. 



CARBU RATION 

SECTION l-THE CLAUDEL-HOBSON AERO 
CARBURETTER 

By E. W. KNOTT, M.I.A.E., M.S.A.E. 

T he present-day carburetter is an instniment of liigli precision 
manufacture. It is whirled through the air at colossal speeds, cata¬ 
pulted violently and tilted to every conceivable position in the air. It is 
jolted and subjected to vibration and yet has to function perfectly. 

Before dealing with the technical details of an aeroplane carburetter, 
it is opportune to describe some of the primary requirements. 

1. The mixture strength must not be affected by changes in speed 
of the aeroplane. 

2. The engine must start up easily and, when warm, tick-over steadily. 

3. The engine must accelerate instantly and unfailingly. 

4. It must use the minimum amount of fuel consistent with safety, 
under all conditions of flight, including varying altitudes. 

5. It must be capable of being manufactured in series with very close 
similarity in performance. 

Eig. 1 shows a simple carburetter. It consists of a float chamber, 
which is a device for keeping the fuel from exceeding a predetermined 
height and which works in a similar fashion to an ordinary ball valve 
in a water cistern. Connected to the induction system is a pipe in which 
is a waisted restriction known as the choke tube and between the choke 
tube and the engine is a rotatable disc known as the throttle plate, by 
opening or closing which, control can be had of the amount of mixture 
passing to the engine, which mixture consists of air drawn from outside 
the carburetter and fuel fed into the choke tube from the float chamber. 
\ arious means are provided for correctly proportioning the fuel and air 
under aU conditions. 


THE CLAUDEL-HOBSON CARBURETTER 

These carburetters are designed to operate on high efficiency engines, 
ihey a,re very carefully pressure balanced and have a mixture control 
or altitudes up to at least 30,000 feet, although this percentage of 
con rol can be cut down if necessary. This demand for great range of 
con ro at altitude calls for extreme care in design to ensure smooth and 
progressive wakening of the mixture strength and it is essential that 

^ varying throttle 

Because of the amoimt of altitude control available, it is imperative 
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1. Induction Flange. 

2. Throttle. 

3. Direction of Mix* 

ture to Engine. 

4. Throttle Bore. 

5. Choke. 

6. Air Intake Flange. 

7. Free Discharge 

Tube. 

8. Air Intake. 

9. Pressure Balance 

Tube. 

10. Main Jet. 

11. Air Vent to Float 

Chamber. 

12. Float. 

IS. Needle Collar. 

14. Needle. 

15. Float Spindle. 

16. Needle Seating. 

17. Fuel Connection. 


that there is some form of interlocking gear which will close the mixture 
valve if the throttle is closed, as if a pilot descends to earth with a very 
weak mixture, there is the ever-present risk of the engine stopping, 
which may easily cause a bad landing. This interlocking gear was formerly 
fitted to the carburetter, but as the point at which it was desirable for the 
throttle to start to close the valve varied in different aeroplanes, 
it is now incorporated in a pilot’s control-lever box specially designed for 
a particular combination of engine and aeroplane. 

Proportioning of the mixture strength is by means of a diffuser using a 
progressively emptying well and the use of a power jet provides maximum 
power at full throttle, yet enables extremely economical mixtures to be 
used throughout the range of cruising speed. The butterfly throttle is 
novel m principle and instead of being merely a means of controlling the 
quantity of mixture passing to the engine, is definitely part of the slow' 
running system. 

The use of very w'eak mixtures for cruising makes an engine difficult 
to accelerate and this in combmation with a supercharger wdth its relatively 
large capacity and wall area makes it necessary to give a temporary 
injection of fuel into the induction system each time the throttle is opened. 
For unsupercharged engines, a simple piston type pump or squirt operated 
by the throttle lever is satisfactory, but with supercharged engines this 
is not sufficient, for the discharged fuel almost wholly deposits itself on 
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THROTTLE IS CLOSED. TlIKOTrJ-K IS TAHTLY' OPENED. 


the walls of the blower and induction pipes and the ttylindcrs do not get 
the necessary temporary enrichment as the throttle is opened. 

Delayed Action Accelerating Pump 

A form of pump to overcome the above deficiency has now been 
incorporated. The pump has two pistons, one mechanically operated 
when the throttle is opened and another operated by a spring which is 
compressed when the first piston is moved. Its action is as follows. 
Movement of the throttle causes the first piston to forcibly eject a mass 
discharge of fuel, which thoroughly wets the walls of the blower and 
induction system. It is followed without any pause by a sustained 
discharge lasting for 2 to 5 seconds, which assists the engine to accelerate 
through the speed range where temporary weakness would cause the 
engine to backfire badly or even stop altogether. 

Diagrammatic Description 

In describing the system of working of the Claudel-Hobson carburetter, 
special emphasis is laid on the construction and functioning of the diffuser. 
The latter is that part of the carburetter that correctly proportions the 
fuel and air passing to the engine and its action is as follows. If reference 
is made to Tig. 2, a U tube will be seen fed via a restriction from a float 
chamber. With the throttle closed, the pressure on the exit side of the 
TJ tuhe^ is at atmosphere and being balanced by the air pressure on the 
other limb of the U tube, the fuel stands at the same height in both 
limbs. Fig. 3 shows the throttle partly open, with air passing through 
■&e choke tube. As a result of this, the pressure in the choke tube drops 
below atmospheric, while the free end remains at atmospheric pressure ; 
therefore the fuel will be driven out into the choke tube, this operation 
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by pressure difference being com¬ 
monly called '' suction.’’ As con¬ 
structed in Fig. 3 the fuel would 
enter the choke tube entirely un¬ 
atomised and one purpose of the 
diffuser is to break up the fuel 
before it enters the air stream. 

In Fig. 4 a pipe is shown wliicli 
allows air to enter the exit limb of 
the U tube below fuel level, air 
being driven in by atmosplieric 
pressure where it mixes with the 
FC fuel to form an emulsion. 

In actual practice a diffuser of 
__ U pattern is not used, the con¬ 
struction being as in Pig. 5, the 
Fig. 4.-DIPFUSEB Am SEmo deawn dt of -g being in 

AND rOBSIING AN EOTDSION. ^ i i i ® t 

rr.,. • ^ XT. 1 , 1 j • -XT. effect one mside the other. In 

This passes into the choke and mixes with i i ^ . . . 

the main air supply. some models the slow runnmg ]et 

is mounted concentrically in the 
diffuser, whilst in others it is separate, but in either method the action 
of the slow running system is the same. In Fig. 5, the carburet¬ 
ter is shovm in the slow running or idling condition. The throttle is 
only very slightly open and the air speed through the choke tube is so 
slow that the diffuser is inoperative. Fuel passes through the slow running 
jet tube, being mixed with air on its way, which air enters by holes in 
the side of the slow running tubes. From there it passes to a small cavity 
having two discharge holes, one opposite the edge of the throttle and 
the other just below. 

The throttle is of special construction, having a hole through it 
knowm as the transverse passage, which has two small holes drilled into 
it, a discharge hole in the centre on the engine side and an air entry 
hole on the opposite side. With the engine running and the throttle in 
the slow running position, fuel is discharged from the upper discharge 
hole, some of it passing across the transverse passage and issuing on the 
other side of the throttle, the remainder entering the air stream from the 
small hole in the centre of the throttle and on the side of the throttle 
nearest to the discharge hole. Thus a perfectly distributed mixture is 
obtained over the whole of the area of the throttle bore, better slow running 
and absence of '' loading-up ” through condensed fuel being obtained. 

As the throttle is opened up, the transverse passage comes opposite 
the second discharge hole. Up to the present, air has been entering this 
hole, helping to dilute the slow running mixture, the quantity of mixture 
being controlled by an adjustable screw. In some cases, the screw is 
used to vary the size of an air leak into tlie slow running system and is 
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then knovTi as a quality adjustment. Suction is now put on the second 
hole as well as the first, thereby giving the extra fuel necessitated by the 
larger throttle opening. As the throttle is opened even further, the drop 
in pressure in the choke tube becomes sufficient to draw fuel from the 
diffuser and the two systems if properly adjusted merge smoothly into 
one another, the slow running discharge fading out as the diffuser dis¬ 
charge mcreases. This is the most critical part of a carburetter’s perform¬ 
ance and also the most difficult to adjust, and the Hobson form of throttle 
greatly simplifies this adjustment. 


The Main Jet 

^user is the main jet, which is interchangeable, 
nd a size is chosen which gives a low fuel consumption through the 

fuSI-WiT?® be anything between a half and three-quarters 

tothp^^iVp nf dependmg on the type and size of engine relative 

to Saw ® throttle opening, but sufficient 

level in the 

"ideandairi’t! Ani 1^^® uncovered some of the holes in the 

estenowef ground level. In view of the 

engine the mistnrS< 5 i ^ ^^gl^er temperatures which are reached by the 
too weak an<l a + rength suitable for economical cruising speeds is 

*■“ ^ewfo/and to 
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The Power Jet 

The extra fuel for full power conditions is obtained by opening a 
valve, called the power jet valve, in the float chamber which allows fuel to 
flow through another jet called the power jet. This jet is also inter¬ 
changeable and a size is chosen which keeps the engine free from detona¬ 
tion and^ at safe temperatures. In carburetters for unsupercharged 
engines, it is permissible to time this power valve opening from the 
throttle, a cam or similar device on the throttle spindle shaft being used 
to open the valve, so that at a predetermined angular opening of the 
throttle (corresponding to a certain power output) the power jet always 
comes into action. This is knovm as the power jet timing and is usually 
specified as so many de^ees from the full open throttle position. 

On supercharged engmes, however, for reasons which will be gone into 
later, timing the power jet off the throttle spindle is not satisfactory 
and other methods have to be employed. Tig. 7 shows the power jet 
valve open and the level in the diffuser will have dropped considerably, 
more air holes being uncovered. The size, number and position of the 
holes m the side of the diffuser are varied in order to obtain the required 
mixture strength at any throttle opening. 

Correction 

If a plain jet is subjected to suction such as is obtained in a carburetter, 
its fuel flow in relation to air flow does not remain constant, but becomes 
increasingly richer as the suction increases, far too rich for practical 
purposes. Some method must be used to counteract this tendency and 
is known as the means of correction and is the subject matter of hundreds 
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of patents. In the Claudel-Hobson carburetter this correction is obtained 
bv their diifuser system. 

The control of fuel flow by means of tapered needles moving up and 
down in an orifice has been and still is used in some makes of carburetters, 
but suffers from the following defects. The needle must be guided so 
that it always remains exactly central in the orifice or the discharge 
characteristic varies. Vibration causes rapid wear in the guides and 
the accuracy of measuring of such a system soon suffers. Particularly is 
this evident when the needles are operated by the expansion and contrac¬ 
tion of barometric capsules, as owing to the small power they can exert, 
the needles require a minimum of friction which means very free guides, 
which freedom of fit accelerates the wear from vibration. Extremely 
slight differences in the shape of a needle give widely varying changes 
in mixture strength for the following reasons. An engine requires a 
proportion by weight of fuel to air of from 1 to 10 for best power, to 1 to 16 
for best economy. The figures are subject to some fluctuation according 
to the make and type of engine and its running conditions. As it is 
difficult to visualise the weight of air, the fact that a 1 to 16 mixture 
by weight represents 1 two-gallon can of fuel to 10,200 cans of air will 
convey a better conception of the proportions. With such proportions 
it will be seen that a small percentage error measurement of fuel causes a 
vastly greater change in mixture strength than a small error in the 
measurement of the air and a fuel jet of fixed size and an air correction 
device are the more reliable. This has been confirmed in U.S.A. and needle 
controlled fuel measuring devices have been the subject of much criticism 
there and have finally been entirely dropped by one of the best-known 
aircraft carburetter manufacturers. 
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Mixture Control 

If a carburetter is adjusted to give correct mixture strength on the 
ground, the mixture will be too rich at altitude, due to the decrease in 
oxygen, and the higher the engine goes the greater becomes this over¬ 
richness, which causes loss of pow'er and waste of fuel. Some means, 
therefore, must be provided to bring the mixture strength back to normal 
and is known as the mixture control device. The design is by no means 
easy, for the degree of control must vary solely with height for 
any given setting and must not change with variations in throttle opening 
or forward speed of the aeroplane. The carburetter has a mixture 
control-lever on it which can be controlled from the pilot’s seat and by 
this means the mixture strength can be altered at will by the pilot, 
depending on the altitude at which he is flying. The correct use of a hand- 
operated mixture control requires a combination of skill and conscientious¬ 
ness on the part of the pilot, as he can either waste fuel and thereby reduce 
the range of the aeroplane, or damage his engine by running on too weak 
a mixture. As much as 50 per cent, differences in fuel consumption are 
often recorded when the same aeroplane is flown by different pilots under 
identical conditions and w'hile on civil types a certain amount of 
attention can be given to this subject, where military types are 
executing aerobatics, or in wartime, it is impossible for the pilot to pay 
attention to his mixture strength. Means have now been provided 
whereby the mixture strength is automatically corrected for any altitude, 
the mixture lever on the carburetter being moved by a specially construc¬ 
ted instrument and not by the pilot. 

Fig. 8 show's the mixture control-valve on the Claudel-Hobson 
carburetter. A cone-shaped cock with openings in it has been turned, 
admitting air between the diffuser and the choke tube. This reduces 
the suction on the jet, thereby weakening the mixture, the larger the 
cock opening the greater being the reduction in fuel flow. In order that 
the air flow through the mixture valve shall not be affected by the speed 
of the aeroplane, etc., the air is taken from the pressure balance tube in 
the carburetter intake, suitable means being taken to prevent snow or 
ram from entermg. 

Rich Mixture for Take-off 

Where the degree of supercharging is sufficient to make it unsafe to 
open fuUy the throttle at gromid level when taking-off and the maximum 
ground level throttle opening is specified by the engine makers, it is 
permissible to shghtly exceed this opening for a very short period, say 
1 to 3 minutes, provided additional fuel over and above that added by 
the power jet is given. It has been found that an addition of 10-15 per 
cent, has in some cases enabled as much as 17 or 18 per cent, increase in 
power to be obtained, a useful addition when taking an aeroplane off 
the ground. This fuel is obtained from the float chamber by opening a 
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valve similar in principle to the power jet valve and is known as the 
enrichment valve. Its action can be seen in Fig. 9. 

The general principles described above apply to all Claudel“Hol)son 
carburetters and once grasped will enable any type or size of this car- 
bui’etter to be understood. 


Float Mechanism 

Air Ministry regulations regarding float mechanism call for skill 
and experience in design. The float chamber must pass a big margin 
over and above the maximum that the engine will ever require at a 
minimum head of 10 in. and withstand a head of 12 ft. (approximately 
4 lbs. per square inch pressure) without flooding. The carburetter must 
also be capable of being tilted in any direction to an angle of 15 degrees 
without flooding at the*maximum test pressure. Now that carburetters 
are largely fed ^ect by fuel pumps, a concession in such cases regarding 
minimum pressures has been made, the limits being tlie minimum pump 
pressure, usually equal to 18 in. head. Float needles and seats have to 
be made of special material to withstand the wear and tear due to vibra¬ 
tion and the floats themselves built up from layers of cork given many 
coats of a special varnish proof against the action of warm fuels of all 
kinds. 

Corrosion 

This can be of serious consequences and is accentuated if water is 
present in the float chamber. Where the removal of the jets does not 
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Fig , 9.—Take-off and 

EXTEA EICH MIXTTJEE. 


allow this to be removed, drain plugs are fitted and the float chamber 
should be emptied after every few hours’ flight and without exception 
after flying through snow, hail or rain. The choice of the materials used 
is also important as electrolytic action will take place, this being greatly 
accentuated when certain types of jointing material are used. Its 
presence is indicated by the growth of a white or yellowish-white crystal¬ 
line substance and in some cases a jelly. This must be particularly 
watched for on seaplanes and on aeroplanes stored or in use near the sea. 
Magnesium is particularly treacherous in the presence of leaded fuels 
where water is present and it may not be used for carburetter float 
chambers. 

Carburetter Air Intakes 

The design of the air intake requires great care and once fixed by the 
engine maker must on no account be altered or the engine performance 
may be seriously affected. Air intakes are often constructed with a 
flap under the control of the pilot whereby either hot or cold air can be 
used. In some instances the flap is operated by the throttle lever, so 
that hot air is given duririg slow running and through the cruising range, 
whilst at full throttle cold air is given so as to obtain maximum power. 
With the latter arrangement, however, the pilot should have an over¬ 
riding device so that if fl 3 dng through snow or cold ram, some hot air 
can be given at full throttle, to prevent freezmg in the induction system. 
A badty-designed air hitake can cause the air passing the carburetter 
pressure balance orifice to whirl or alter its direction so badly with 
different throttle openings or forward speeds of the aeroplane that 


A.E.—YOE. I. 
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U.-VARNISHING PLOATS. 

Special varnish and it must bo done 


\Ola7idel-E[ol)son. 
in a warm, drv 


They are 
atmosphere. 
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Slow Running Cut-outs 

engines are fittS^S^thSffOTt^e foU^ compression 

speU of hard work, frequS Sme7 7 “I P^l^^ged 

mcandescent, i.e., sufficiency hot ® 

the aid of the magnetos and smrkffi7? “foniing charge without 
exhaust Talves, carbon denosit ® P%s. These parts may include 
the pilot closes his throttled the ‘S?ove7®' 7® although 

engine continues to run on the miNfiTr- and switches off the 

«g jet, hut fired by the hiTaSSee^™^ 

With land tj’pes, which to-day if of cylinder head, 

wheel brakes under the control of the niT f ^myariahly fitted with 
simple. With flying boatslSnlaic aeroplane is 

such means are not aSfiabXd me ’’ 7^°^ on witter! 

moormg buoys have been ov^shot occurred where 

senous coUision brings it to a standstilf S drifted on until a 

standstiU, the pilot being helpless to avert 
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such a collision. By arranging to 
cut off all fuel supply to the slow 
running system, an engine running 
under such conditions can be in¬ 
stantly stopped, and such aero¬ 
planes have in the cockpit a 
lever or other means which when 
operated by the pilot effectively 
cuts off the slow running fuel. 

See Fig. 5. 

Engines will frequently run 
quite steadily under conditions of 
auto- or self-ignition for some 
minutes, gradually getting more 
irregular as they cool down. 

Eventually the engine misfires, 
stops and then runs backwards 
for three or four turns. This 
sudden reversal can easily damage 
such parts as supercharger gear¬ 
ing, valve gear, etc., and owing to 
the reversal of the oil pumps, 
often fiUs the bottom cyhnders of 
radial engines with a large quantity of oil, necessitating a thorough 
clean out. 

MAINTENANCE 

Aero carburetters are expensive instruments of high precision work¬ 
manship and must be handled with the greatest care. 

Engines are often transported with the carburetter packed separately, 
the intake flange on the engine being blanked off with a plate. Before 
fitting the carburetter it should be inspected for dirt, loose plugs and 
similar fittings, and all parts drilled for wiring should be examined to 
see that they are securely wired. Loose or cracked wiring should be 
renewed. 

If it is not knovm that the carburetter was thoroughly cleaned out 
after removal from the engine, the drain plugs and jets should be removed 
and thoroughly washed out with clean petrol, and the plugs, etc., wired 
after refitting. 

The flange face should be lightly smeared with one of the well-known 
jointing compounds, and aU fixing nuts carefully tightened a little at a 
time, in turn, to avoid straining the flanges, pen steel washers being 
fitted next to the carburetter body to prevent the metal being scored 
by the lock washers. The use of thick gasket material may cause bent 
or broken flanges and 3 ^^ in. is the maximum thickness allowable. 

Should the carburetter be unused for a lengthy period, it should be 

7—3 



Fig. 11.—Straightener vanes in carbu¬ 
retter AIR INTAKE. 

These are to prevent earburation being 
spoilt by vortices near the pressure balance 
tube and choke. 
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stored in a' dry loiace, 
and all plugs or screws 
fitted with fibre 
washers should be 
taken out of the car¬ 
buretter, the fibre 
washers removed and 
the plugs replaced 
finger-tight. The fibre 
washers should be 
wrapped up and 
attached to the car¬ 
buretter. Slacken the 
float spindle only. 

To prevent the 
ingress of foreign 
matter, all orifices are 
to be blanked off. 

Male threads, such as 
on unions, are to have 
sheet copper or alu¬ 
minium blanking discs 
held in place by the 
appro priate xmion 
nut, wdiich is to be 
screw'ed hard home. 

Tapped holes are 
to be blanked off by 
soft w’ooden taper 
plugs screwed well in, 
leaving sufficient pro¬ 
truding for extraction. 
These plugs must be 
screwed in, and on no 
account driven in. 

Other exposed orifices^ 


Fig. 12.— Stbipping a cabbubi^ttpib. 

Bemove a drain ping or jet and hold earbni'otter by means 
of a screwed plug held in a vice. Separate top and bottom 
haK slowly and gently. 


such as air intakes and flanges, are best 


blanked by means of three-ply wood held in place by the most convenient 
means, such as existing studs or bolts. Moving parts such as throttle 
spindle bearings should be lubricated. 

All steel parts such as nuts, etc., not enamelled or otherwise protected, 
are to be well coated with an approved rust preventative. 


Jets 

These should never in any circumstances have their bore altered by 
reaming, burring or soldering. 
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'Tampering with 
jet sizes in this 
manner, although 
often inyisible to 
the eye, can cause 
large differences in 
fuel flow, and a new 
jet of the correct 
size should be fitted 
if any alteration is 
deemed necessarj^ 

The flow tlirough 
the jet in cubic cen- 
tiinetres per minute, 
as found on a stan¬ 
dardised flowmeter, 
is marked on the 
jet. Never use wire 
for cleaning a jet 
orifice; blow 
through it. 

Care should be 
taken when screw¬ 
ing jets into the car¬ 
buretter. Should a 
jet feel tight whilst 
being screwed in, or 
have a tendency to 
seize, the jet should 
on no account be 
forced into place, or 
serious damage to 
both jet and carbu¬ 
retter body may 
result. Remove the 
jet and look for the 
cause. Examine the 
threads in the body 

for swarf, or portions of thread torn from the jet through careless fitting,, 
and jammed in the thread in the body. Excessive tightening of parts; 
such as jets, etc., may permanently damage the threads in the body, 
and even stretch the threads of the jet out of pitch,” thereby causing; 
difficulty both in screwing and miscrewing. Jets and similar parts which, 
are obviously damaged in this way should be scrapped and replaced by 
new ones. 


Fig . 13.—Steipping a caebueettee. 

Separate the top and bottom halves slowly as some of the 
jointing material may stick to the top and some to the lower- 
part. Use a pocket rule or penknife to slip the jointing over- 
the studs without damage. Always use a new gasket whenever - 
possible and tighten the nuts a little at a time and not each, 
nut completely in turn. 
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Fuel is fed to the float chamber under the regulation prossiii’c, w'hich is r(M‘()t*dcd on a 
mercury V tube seen on the left. The height from the parting fac^o is nKNisurcd, by a rule 
or slide gauge and must be within plus or minus one millimetre of tlu^ correct i(‘V(‘i, Only 
after long use should the level require altering. 


.t ly. xo. IN THE MIXTURE VALVE DURING MANUFACTURE. 

Onlj fine metal pohsh guaranteed free from acid may be used. When a perfect fit the 
\a\e co\er and spring are fitted and the valve retested and further lajjping in given if 
necessary. After long use or storage, this valve and its seat should be examined for corro- 
sion or wear as leakage of air at this point will cause the mixture given by the carburetter 
to De wealt. [Claudel-^Hobson. 
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Provided the jets are not damaged or tampered with, they should 
have a hfe equal to that of the carburetter. 

Removal of Plugs 

The foregoing remarks apply to these parts, and only spanners which 
are a good fit on the heads should be used. Use box spanners whenever 
possible. 

Materials 

Wherever possible various aluminium alloys are used for the sake of 
lightness. In view of the relatively soft nature of these, the utmost 
care must be taken of screw threads and machined faces to avoid 
bruising or burring. 

Removal of Carburetter from Engine 

Before the carburetter can be unbolted at the flange, a number of 
control rods may have to be removed. This should be done by removing 
the pins from the fork ends. On no account slacken any adjusting or 
locking nuts, or alter the angular position or length of any part. 

Remove also oil and fuel pipe connections, and handle the carburetter 
carefulW. 

Stripping the Carburetter 

Where possible, it will be helpful if a sectional drawing of the car¬ 
buretter be first studied. 

On no account remove the throttle plates from the spindle. When 
all the necessaiy fixing screws, nuts and connections are removed, the 
top and bottom halves of the carburetter can be separated. This requires 
great care, or damage may be done to diffusers, floats, pump mechanism 
and chokes. If the two halves have not been separated for some time, 
a light tap vdth a rubber or leather mallet on the lower portion may be 
necessary to '' break ’’ the joint, but if the two halves still resist separation, 
examine carefully for fixing screws or similar locking devices which have 
been overlooked. Slackening off the choke fixing screw often assists the 
separation of the two halves. See Fig. 13. 

Memorise or make a note of the order in which the parts are removed. 
Clean all parts in pure petrol, ilvoid the use of alcohol or alcohol-petrol- 
benzole mixtures for cleaning purposes. Examine all internal parts 
and passages for signs of corrosion due to bad fuel, or long-standing 
deposits of water. 

Any signs of corrosion should be removed at the discretion of the 
person engaged in cleaning, care being taken not to damage machined 
or jointing faces, calibrated orifices and the like. 

Check all valves below fuel level, spring-loaded or otherwise, for 
freedom of movement and fuel tightness, and after assembly check 
operation of accelerating pump by filling float chamber with fuel, and 
moving pump operating lever two or three times. 
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When bending copper tab washers, care must be taken not to crack 
the ears. Tab washers must on no account be used more than once. 

Whenever possible fit a new body gasket of approved material and 
tMchiess, as old or broken gaskets may cause leakage of fuel and air, 
and upset the functioning of the carburetter. The choice of gasket 
material is important, and only the type recommended by the makers 
should be used or corrosion may take place at the joint faces. 

On no accoimt alter the size or position of the holes in the diffusers. 

Float Mechanism 

The float needle and seat should have a minimum life of 600 working 
hours. Never grind needles in their seatings ; it will spoil both the 
needle and the seating. If there are signs of either being defective, fit 
a new pair. Never fit a new needle in an old seat, or vice versa. 

Handle the floats carefully. Do not drop them or bend the float arm, 
or the float may become porous. 

Routine inspection wiU be dealt with in Volume III. 

When Dealing with Makers 

When referring to the carburetter in correspondence with the makers, 
always give full particulars of the make and type of engine, the type^ 
serial number and size of carburetter, and the number of the part, which 
in most cases is marked on it. 

Major repairs, such as the fitting of new throttle spindles, etc., should 
not be attempted. The carburetter should either be returned to the 
makers, or replaced by a new one. 



PRINCIPLES OF FLIGHT 

By Sqx. Lde. Fra]s'z Workman, M.C., Ph.D., B.Sc.(Lond.), (Betel.) 

All the 'photographs in this article are reprochiced by the courtesy of the 
Air Ministry ; the air flow pictures icere produced by the National Physical 
Laboratory for the Air Alinistry film on '' Principles of FlightP 



Fig. 1. — Ax EARLY METHOD OF SHOWING AIR FLOW. 

.Using a smoke tunnel with model suspended in stream. 

Air Flow 

M ost of us have hung over the side of a bridge watching the swirl 
and play of the water in the wake of a buttress, or in the wake of a 
buoy anchored m the flovdng tide. We know how water behaves because 
we can see it. Various methods have been developed recently to make 
air visible, and when we do so we find, as the mathematicians predicted, 
that it behaves like water. 

An Ingenious Method of Studying Air Flow 

A method of making air flow' visible at high speeds has been 
developed by the National Physical Laboratory. This method is based 
upon the fact that the density of air is dependent upon its temperature. 
By a suitable optical device, hot air can be visually distinguished from 
cold air. 
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Fig. 2. —Aie flow eouxd a flat plate. Fig. 3. —Angle op attack. 

The horizontal spacing between successive “hot spots” or “ spark points ” indicates 
the air speed (see below). 


A row of spark gaps is placed in front of the model in the wind tunnel. 
The sparks heat spots of air and, as the spark terminals remain hot, they 
heat the air fio'wing past them. Fine wires heated by electricity are 
fitted on the back of the model in order to heat the air in its wake (Fig. 2). 
The whole field of air flow^ in the vicinity of the model is thus made visible, 
and its behaviour can be studied at leisure and cine-photographs can be 
taken shoving exactly what happens at normal speed and in slow motion. 

Some Examples 

Figs. 2 and 3 show the air flow romad a flat plate. The small blobs 
are the spots of hot air heated by the sparks. a,’’ Fig. 3, is the angle 
of attack of the plate to the impinging air stream. 

The plate deflects the air downwards and retards its flow slightly. 
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Tlie plate, in deflecting and retard¬ 
ing the air, gets an equal and 
opposite reaction from the air, re¬ 
presented * by the arrow R,” 
Pig. 4, actmg upwards and back¬ 
wards. 

The resultant force on the plate 
increases as the angle of attack is 
increased, and reaches a maximum 
when the plate is flat on to the air 
flow (Fig. 5, a and h). 

Stalling 

When the angle of attack is 
increased, the ah* flow pattern alters 
suddenly when this angle reaches a 
certain value. The under surface of 
the plate contmues to deflect the air 
dovmwards, but the air flow sud¬ 
denly comes away from the upper 
surface right up to the leading edge 
and leaves a vide turbulent wake 
behhid the plate (Fig. 6). 

The angle of attack at which this 
marked change in the air flow over 
the plate occurs is called the stall¬ 
ing angle. 

The Turbulent Wake shown by the 
Slow Motion Camera 



The movement of the ah in the — ^Resulta>'t air force on a flat 

turbulent wake is too rapid to be 

detected by the eye, but when viewed in slow motion at about one- 
hundredth of its actual speed, it becomes evident that the turbulent 
air flows forward up the back of the plate. This feature of the wake is 
characteristic of the stall. 

Fig. 7 shows more of the stalled wake. When viewed in slow motion 
the blobs of hot air on the edges of the wake can be seen curling back into 
it from above and below and disappearing in turbulence. It becomes 
obvious that air is pouring into the wake of the stalled plate from above 
and below and moving up-stream. 

The smooth air flow over the top suddenly comes down again and 
the wake shrinks when the angle of attack falls just below the stalling 
angle. There is still a turbulent wake, but the turbulent air fl.ows aft 
with the rest of the air when the plate is unstaUed (Pig. 3). 






Figs. 5a and ob.— lifCBEASE or resultant air eorce on a flat plate with angle 


OP attack. 


Motion pictures show that the air flows faster above the plate than 
beneath it, as well as being deflected downwards. Examination of the 
spots of hot air on Figs. 2, 3, 4, 5 a, 6 and 7 show this. 


Skin Friction 

Part of the resistance offered by air is due to its viscosity, sometimes 
spo 'en oi as its sticl^ess.’’ The bigger a body, or the greater its velocity, 
the more important it is that its surface should be as smooth as possible. 

Pressure Distribution on a Flat Plate and Resultant Air Force 

The flat plate shovui in Fig. 8 is supposed to be moving from right 
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to left. The direction of the rela¬ 
tive wind or air flow over the plate 
is therefore from left to right, as 
indicated by the arrow. 

There are pressures actiag aU 
over the surface of the plate. Those 
on the under surface are greater 
than atmospheric pressure and are 
therefore pushing the plate up, 
while those on the upper surface 
are less than atmospheric pressure 
and may therefore be looked upon 
as puUing the plate up. The sum 
of all these pressures gives the re¬ 
sultant force on the plate (Fig. 9). 
The point ''0,'’ through which the 
resultant force acts, is called the 
centre of pressure (Fig. 10). In the 
case of a smooth flat plate, the 
resultant force acts very nearly at 
right angles to the surface of the 
plate, except of course when the 
angle of attack is very small and 
the plate is moving nearly edge on, 
when the resistance is mainly due 
to skin friction. 


Fig. 6.—The stalling angle op a plat 
PLATE. 


Lift and Drag 

Purely as a matter of conveni¬ 
ence, the resultant force is looked 
upon as being made up of two forces 
(Fig. 11). One useful component at 
right angles to the air flow or rela¬ 
tive wind, which is called Lift,'*’ 
and one undesirable component 
parallel to the air flow, which is 
caUed Drag.’’ 

The direction of motion of the 
plate in Fig. 11 is shown inclined 
to the horizontal in order to draw 
attention to the fact that the lift 
component of the resultant force 
is at right angles to the relative 
wind and therefore only acts vertically when the plate is moving 
horizontally. 


Fig. 7.- 


-The wake op 

PLATE. 


A STALLED PLAT 
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OiRECTiCN Cr airflow 

Fig. S.—Diagram oe flat 


Lift is used to support the weight of an 
aeroplane to enable it to fly and drag is over¬ 
come by the engine and airscrew (Fig. 12). 

The resultant force on a moving plate in¬ 
creases as the angle of attack is increased ; and 
as it continues to act perpendicularly to the 
surface of the plate it acts further and further 
backwards (Figs. 13, a, b and c). 

The lift increases with the angle of attack at first, but the drag soon 

increases more rapidly until, when 
the plate is at right angles to the 
wind, that is to say wdien the angle 
of attack is 90 degrees, there is no 
hft and the wdiole resultant force is 
drag. 



Fig. 9.—Pressure distribution on a plat 

PLATE AND RESULTANT AIR FORCE. 


c? ESULTaN t 
A i£5 FOPCE 



OlPECTiON OF 
airflow 


CENTRE OF 
PRESSURE 


Streamlining 

The wake of a plate flat on to the 
wind is shown in Fig. 14, a. Energy 
is being wasted in maintaining 
turbulence in the wake and this 

reacts in exerting drag. 

The effect on the air flow pattern of putting a nose on the plate is 

shown at Eig 14, b. There is a slight 
improvement; the wake is smaller and 
the drag is correspondingly reduced. 

A short tail is added in Eig. 14, c, 
and has little or no effect on the ak 
flow pattern or the drag. 

A longer tail is added in Eig. 14, d. 
The wake has shrunk to very small 
dimensions and the drag is very much 
reduced. The plate has been stream¬ 
lined ; the drag now is mainly due to skin friction. 

The main difference between the shapes of the bodies shown in Fig. 14, 
c and d (see page 113), is the ratio of their length to their greatest depth. 

This is called their fineness ratio. 
The one with the short tail and 
small fineness ratio fails to 
streamline the plate at this 
w^ind speed, while the orle with 
the long tail and big fineness 
ratio succeeds in doing so. 

Fig. 15, a and 6 (see page 114), 
shows the wake of a circular wire 


Fig. 10.—Centre of pressure of a 

FLAT PLATE. 


resultan t 


Direction of 
A iR Flow 



Fig . 11.—Resolution of resultant for.ge 

INTO LIFT AND DRAG. 
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Fig. 12.—The foecbs acting on an aeroplane. 


in comparison with the smooth flow round a streamline wire of the same 
cross sectional area. The streamline wire has a large fineness ratio and 
its drag is much less than that of the circular wire. 


It is thus apparent that every¬ 
thing on an aeroplane which is 
exposed to the air stream should 
be streamlined and as smooth as 
possible in order that the drag may 
be kept down to a minimum and 
the top speed increased—or that 
the horse power required to main¬ 
tain flight may be reduced. 

Cambered Wings 

The air can be persuaded to flow 
smoothly over the stalled flat plate 
(Fig. 1.6, a), bj^ putting on a cmved 
leading edge (Fig. 16, Z)). The curved 
leading edge helps the air round the 
corner, and the stalling angle of the 
resulting cambered plate (Fig. 17), 
is considerably greater than that of 
the original flat plate. 

The vings of aeroplanes require 
to be built-up structures capable of 
supporting the weight of the aero¬ 
plane and its contents. Their struc¬ 
ture must be streamlined, and so we 
get the thick wing section or aerofoil 
(Fig. 18) which will be found onp. 116. 




Figs. 13a, 13b, 13c. —Epeect of angle of 

ATTACK ON THE RELATIVE MAGNITUDES 
OF THE LIFT AND DRAG OP A FLAT PLATE. 




1 




Fig, 14a.—Streamlining a plat plate. 

Energj’ is being wasted in maintaining turbnlence in the wake and this reacts in exerting 
drag. 


Fig. 14b.—Streamlining a plat plate. 
Showing effect of putting^a nose on the plate. 
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Fig. 14c. —Streamlintng a flat plate. 

Showincf addition of short tail. In order to show the effect more clearly, the plate 
is arranged at right-angles to the air flow. The effects shown in this and the following 
]jictiire would be jiLst the same if the plate were arranged edgewise in the air stream, but 
owing to the thinness of the plate the air flow could not be so easily followed. 


Showing addition of longer tail. Comparing this with the previous figure, it will be 
seen that the wake at the tail has now almost entirely disappeared. 

A.E.—VOL. I. 8 
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Fig, 15 a. Fig. 15b. 

Fifj'^. loA and 15b. — -Aiii flow round a circuxae wire compared with that round a 

STREAilLINE WIRE OF THE SAME CROSS-SECTIONAL AREA. 


The air flows smoothly under and over good cambered wing sections 
vntli very little turbulence, until a large angle of attack is reached and 
the aerofoil stalls (Tig, 19, a and b). 

The change in the character of the flow pattern at the stalling angle 
is siinilar to the change which takes place in the case of the^flat plate. 
When the aerofoil stalls the turbulent air commences to flow forward 
up the back of the aerofoil and the smooth air flow leaves the top surface. 
Air flows into the wake from above and below. 

The stalling angle and the suddenness with which the stall occurs 
depend largely upon the shape of the top surface in the vicinity of the 
leading edge. Generally speaking, other things being similar, a thin aerofoil 
section should have a larger stalling angle and stall less suddenly than a 
fiat plate and a thick aerofoil section should have a larger stalling angle 
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Fig. 16a.— A flat plate aeraxged at the stalling angle in aie stbeam. 

Xote the turbulent wake behind the upper edge of the plate, due to the air stream having 
broken away from the upper surface of the plate. 



Fig. 16b.—Effect of putting a ctjhved leading edge on a stalled flat plate. 

The plate is at the same angle as in the previous picture, but the stalling effect has 
disappeared. 


8—2 
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Fig. 17. —Staxxing axgle of a cambered 


PLATE. 

This is considerably steeper than for a 
fiat plate. 


CONSTRUCTION 

and stall less suddenly than a thin 
one. The rate of change of curvature 
of the path which the air must follow 
in order to continue to flow smoothly 
over the top surface appears to be "a 
controlling factor. When the curva¬ 
ture over the leading edge changes 
too rapidly, the air does not appear 
to be able to get round ” in time 
and therefore tends to leave the top 
surface. 

As the pressure on the upper 
surface is below atmospheric pres¬ 
sure, the -surrounding air tends to 
flow into this region of lower pres¬ 
sure. The slightest departure of the 
air flow over the top results in a 
wider opening ” for the surround¬ 
ing air to flow in from the trailing 
edge. When, on stalling, the sur¬ 
rounding air commences to flow in 
from the rear it relieves the reduc¬ 
tion of pressure on the upper surface 
which was helping the smooth air 
flow to “get round” and the 
smooth air flow breaks away from 
the top surface altogether. 

Ice Formation 


Fig. 20 shows what happens 
when ice forms on the leading edge 
of an aeroplane wing. The ice 
spoils the shape by introducing too sudden a change of curvature on top ; 
the air flow therefore breaks aw^ay from the top surface and the wing 
stalls at a comparatively small angle of attack. The lift is reduced and 
the drag is increased accordingly, with the result that the aeroplane may 
be unable to maintain height and be forced to land. 


The Handley Page Slat 

The Handley Page slat consists of a small auxiliary aerofoil wdiich, 
when placed in front of the leading edge of a 
wing, helps the air round the corner and pre¬ 
vents the disastrous formation of a wdde tur¬ 
bulent wake (Fig. 21, a and 5). 

The Handley Page slat is spring-loaded to 


. 


Fig . 18 .—Thick wing section 

OK AEROFOIL. 
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Fig. 19a. —vSmooth flow round a good cambered wing section. 

The regular spacing of the hot spots produced by the spark gaps and also the absence 
of a turbulent wake, demonstrate the smoothness of the air flow. Note that a flat plate 
arranged at the same angle as the above would be in the stalling position. 



Fig. 19b. — L.4RGE ST.ALLING ANGLE OP A GOOD CAMBERED WING SECTION. 

Tliis illustrates the \'eiy large angle of attack whicli can be utilised witli a properly 
ciinibered wing section before stalling occurs. 
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keep it closed in normal flight (Fig. 
22). When the angle of attack is 
increased to what would normally 
be its stalling angle, the depression 
or suction on the upper surface of 
the leading edge increases consider¬ 
ably and pulls the slat forward and 
upwards, thus opening a slot be¬ 
tween the slat and the leading 
edge (Fig. 23). 



THE UEAHIXG EDGE OF A^T AEROPLANE 
WING. 

forward and foul the airscrew (Pig. 


The Townend Ring 

Figure 24 shows how the cy¬ 
linders of a radial engine divert 
the air away from its streamline 
engine nacelle and result in a wide 
turbulent wake with consequent 
heavy drag. 

The Townend ring is a ring of 
aerofoil cross section, which is 
mounted as shown in Fig. 25. The 
angle of attack of the ring to the 
local air flow is such that it leads 
the air round and down over the 
body, reducing the turbulent wake 
behind the cylinders and reducing 
their drag and interference with the 
air flow over the nacelle. 

The air pressure inside these 
aerofoil section rings is greater 
than that on their outer surface. 
Their setting is such that the 
resultant force on them acts slightly 
forward. Such rings must, there¬ 
fore, be fitted securely, as, if they 
come adrift, they would move 
26). 


Pressure Distribution on an Aerofoil 

The pressure per square inch over the surface of various aerofoil 
fcseetions has been measured. Fig. 27 shows them plotted diagram- 
m^icaUy. As in the case of a flat plate, the pressures on the under 
surface act generally upwards, while those on the upper surface are 
mostly less than atmospheric pressure and therefore also act upwards, 
ihe enclosed areas approximately represent the forces on the under and 
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Fig. 23 a,—Showi:n-g a cambered wixg in stalling position. 

The small aeroioil on the right^represents the Handley Page Slat which has not vet been 
brought into effective operation. 



L B. EfTECT of the HANDLEY PAGE SLAT ON A STALLED WING. 

The slat has now been brought into position. Note how the turbulent wake has di< 
appeared. The wmg is no longer stalled. uuieur waae nas ai. 
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Fig.. 24.—Am flow o\mB a badial engine. 

Xote The air pockets behind the engine cylinders. These produce turbulence and 
undesirable drag. The next illustration shows how this can be avoided. 



Fig. 25.— Effect of townend ring on the air flow over a radial engine. 


The ring directs the air flow into the air jiockets shown in the previous picture, and so 
eliminates the turbulent Wake. 
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Fig . 26.—The townenh ring. 


upper surfaces. About three-quarters of the total force is exerted on the 
upper, and onl}" about one quarter on the under surface at the angles of 
attack used in normal flight. 

The resultant force acts well forward of the middle of the aerofoil 
section. On a good aerofoil section the resultant force acts more nearly 
perpendicularly to the air flow than is the case with a flat plate. 

The lift of an aerofoil is therefore larger in comparison to its drag 
than that of a flat plate (Pig. 28). 


OJRECTiON 


OF airflow 


Lift and Drag Coefficients 

All the air flow pictures sho^^m. above w^ere taken in the same wind 
tuimel: the models were all about the same size and the wind speed was 

more or less the same in each case. 
It is obvious that the marked differ¬ 
ences in the behaviour of the air flow 
round the various bodies were due to 
differences in their shape and their 
attitude to the wind. 

It should therefore be clear that 
the lift of an aerofoil must be pro¬ 
portional to some quantity which is 
dependent upon its shape and upon 
its angle of attack. This quantity 
is called the lift coefficient of the 
aerofoil section. 



direction of motion 
Fig , 27.—^Pressitre distribution 

AEROFOIL. 


ON AN 
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direction of airflow 



DIRECTION OF AIRFLOW 


Fl.-vt plate. Cajibered wmG, 

2S. —CoiIPARISOX OP THE LIFT AND DRAG FORCES ON A FLAT PLATE AND 
ON AN AEROFOIL. 


Similarh^, the drag is proportional to a quantity called the drag 
coefficient of the aerofoil section. 

The bigger the surface area of an aeroplane wing, the more air it 
affects in flight. 

The denser the air, the greater the force required to displace it. 

The greater the velocity of the wing, the more rapidly it displaces the 
air, and in flight the force on a wing is found to be proportional to the 
square of its velocity. 

The lift component of the resultant force on an aeroplane wing must 
therefore be proportional to :— 

The lift coefficient of the aerofoil section, 

The density of the air, 

The area of the ving and 
The square of the velocity. 

The drag coefficient of the resultant force must similarly be pro¬ 
portional to :—■ 

The drag coefficient of the aerofoil section, 

The density of the air, 

The area of the wing and 
The square of the velocity. 

The lift coefficient of an aerofoil section is shown plotted against 
the angle of attack in Fig. 29. The lift coefficient increases rapidly to a 
maximum at the stalling angle and falls suddenly as the stalling angle is 
passed and turbulence starts on the upper surface. 

The drag coefficient curve is shown at Fig. 30. The drag coefficient 
increases slowly from a small value at small angles of attack and more 
rapidly as the angle of attack is increased, until, at the stalling angle, it 
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Fig . 3:2.—Diagra-m illustrating the definition of stalling speed. 

slat is shown plotted against the angle of attack in Fig. 33. The lift 
coefficient goes on increasing to a much larger angle of attack when the 
slot is open before the wing stalls. The stalling speed of an aeroplane 
fitted with Handley Page slats is reduced accordingly. 

Landing Speed 

The laiidiig...ii4Deed of an aeroplane, is. the Jowest,-.speei.at 
can safely alight. 

When an aeroplane is flying close to the ground, the ground interferes 
slightly with the air flo^v beneath the low’er planes. This results in a slight 
increase of Hft at the same angle of attack and speed. Level flight can 

therefore be maintained at a shghtly 
lowrer speed when very close to the 
ground if the wings can be put at 
their stalling angle. It may, how- 
ever, be impossible to put the 
wrings at their stalhng angle when 
very close to the ground without 
putting the tail skid on the ground 
first, in wLich case the landing 
speed will normally be higher than 
the stalling speed, unless wing flaps 
are used. These, when dropped, 
increase the effective angle of 
attack, the lift and the drag of the 
wdngs, without altering the attitude 
of the aeroplane. 



ANOLC OF ATTACK 

Fig . 33.—Effect of the handled page 
■SLOT ON the lift COEFFICIENT AND 
■STALLING ANGLE OF AN AEROPLANE WING. 
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QUESTIONS AND ANSWERS 

Mention one of the Earliest Methods of Studying the Aerodynamics of Flight. 

A scale model of the aeroplane or aerofoil was arranged in a smoke 
tunnel with glass observation -windows. The smoke or fumes of stannic 
chloride were fed into the air stream so that the air flow could then be 
observed mider various conditions, corresponding to those obtaining 
on a full-size aeroplane under actual flight. See Fig. 1, p. 105. 

What was the Disadvantage of this Method ? 

At high air speeds the swirling of the smoke rendered accurate observa¬ 
tion impossible. It was also very difficult to obtain photographic or 
other permanent records. 

What is the Latest Method which has been Developed by the National Physical 
Laboratory ? 

A row of spark gaps is arranged in the air stream. Sparks pass between 
the terminals at stated intervals, and thus produce heated streams of air. 
(See Fig. 2.) 

If the air flow is steady, light transmitted through the air stream 
would produce a series of straight parallel lines on a photographic plate. 
At equal intervals along these hnes would appear bulges, which represent 
the sparking periods. By measuring the space between these bulges, 
the velocity of the air stream at any point can be calculated. The paths 
of the various portions of the air stream can also be accurately observed. 

Do the Spark Gaps Render the Air Flow Visible ? 

Not to the eye, but to the camera or cine-camera. The heated 
streams of air alternate with cooler streams. When the air stream is 
photographed by transmitted light, the hot and cold strata show up 
clearly. 

What Additional Provision is made to Render all Portions of the Air Stream 
Visible on the Photographic Plate ? 

Fine wires, heated by electricity, are sometimes fitted on the back of 
the model, in order to heat the air in its wake. 

What Happens when a Flat Plate is at a Slight Angle to an Approaching Air 
Stream ? 

(1) The plate deflects part of the air stream downwards and retards 
its flow slightly. 

(2) An upward thrust is exerted by the air on the plate. 

(3) The upper portion of the air stream passes closely along the 
upper £urface of the plate. 
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(4) A rearward force or di'ag is exerted on the plate by the moving 
air stream. 

What is Meant by ''Angle of Attack ” ? 

If a plate is arranged in an air stream, edge-on to the direction of the 
so that the surface of the plate is parallel to the direction of flow, 
the plate has no angle of attack. If the leading edge of the plate, i.e,, 
the edge wLich meets the oncoming air, is raised whilst the traihng edge 
is kept in its original position, the plate is now^ at an angle to the direction 
of the air flow. This is called the angle of attack. Briefly, it is the angle 
between the plate surface and the approaching air stream. 

What is Meant by "the Stalling Angle ” ? 

When the angle of attack is small, the leading edge of the plate splits 
the air stream into two portions. The lower portion is deflected down- 
w’ards by the under side of the plate, and the upper portion passes closely 
over the top surface of the plate. ^^Tien the angle of attack is increased 
beyond a certain' value, the top portion of the air stream suddenly comes 
away from the upper surface of the plate, producing a wide turbulent 
\vake behind the plate. 

The angle at which this occurs is called the stalling angle. 

What is Meant by "Lift"? 

A plate which presents an angle of attack to an approaching air 
stream experiences a resultant force at right-angles to the surface. This 
resultant force can be split up into twn parts, one parallel to the air 
flow, and one at right-angles to the air flow. 

The force acting on the plate at right-angles to the air flow’' is called 
the lift. 

What is Meant by "Drag " ? 

In the conditions referred to above, the force acting upon the plate 
in the direction of the air flow^ is known as the drag. 

What Angle of Attack would give the Greatest Resultant Force on a Flat Plate, 
Acted upon by an Air Stream ? 

Ninety degrees. In this case the whole of the resultant, force would 
be in the direction of the air flow", i.e., it would be a drag force, with no 
hft. 

What Angle of Attack would give the Maximum Lift on a Flat Plate ? 

An angle shghtly less than the stalling angle. This wnuld vary 
according to the dimensions and shape of the plate or aerofoil. 

If a Flat Plate is Arranged Edge-on to the Air Flow, what Force is Exerted on 
it by the Air ? 

As a turbulent w"ake is formed behind the rear edge of the plate, a 
drag is exerted. 
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How can this Drag Effect be Minimised ? 

By putting a rounded nose on the front or leading edge of the plate, 
and a tapered tail on the rear or trailing edge of the plate. This is 
known as streamlining. 

Why does Streamlining Reduce the Drag ? 

Because it enables the air to flow' smoothly from the leading edo-e of 
the plate to the tip of the trailing edge wdthout forming a turbulent 
wake. 


In Addition to Streamlining, what other Improvement can be made to a Flat 
Plate to Improve the Available Lift ? 

The leading edge may be curved (compare Figs. 16a and 16b). This 
has been found to retard stalling, so that the stalling angle can be appre¬ 
ciably larger. 

In what way is Ice Formation on the Leading Edge of the Aeroplane Wine 
Detrimental ? ® 

The ice introduces too sudden a change of curvature on the top of the 
leading edge. The air is deflected away from the upper surface of the 
plane instead of being able to follow closely the wing contour. The air 
flow breaks away from the top surface of the wing, wdiich wdll then stall 
at much below the natural stalling angle. 

In what way is the Handley-Page Slat Advantageous ? 

When the slat is opened it helps the air to flow along the upper surface 
of the wing, thus preventing stalling under conditions where it would 
otherwise occur. 


What is the Townend Ring ? 

A ring of aerofoil cross section which is arranged concentrically out¬ 
side the cyhnders of a radial engine. 

What is its Object ? 

To dmect the am flow round and down behind the engine cylinders 

o?thl ^ ^-twake. By preventing the formation 

ot this wake, the Townend ring reduces the drag appreciably. 

Why is it of Vital Importance to Fix Townend Rings Securely ? 

aets^Se tinS T ^ resultant force 

acts on the nngs m a shghtly forward direction. If a rine became loose 

It would move forward and foul the airscrew. ^ 



ROUTINE CARBURETTER TUNING 

By E. W. Ksoit, M.I.A.E., M.S.A.E. 


1 ET it be assumed that an engine is fitted on the test bench complete 
jmth all necessary controls, mstruments, etc., and that the proper 
size and type of carburetter as jointly arranged between the engine 
manufacturer and the carburetter manufacturer is fitted. The carburetter 
manufacturer—from long experience—will know from the engine capacity 
and revolutions approximately what size choke tube will be necessary 
and also w^hat size jets will at least start and run the engine even if not 
quite satisfactorily. Usually they dehberately err on the rich side. 

Starting the Engine 

The throttle stop screw should be slacked back until clear of the throttle 
stop and then screwed in until the throttle has a minimum opening of about 
3 or 4 degrees and the screw locked. The mixture control should be checked 
to see that it is in the normal closed (ground) position, and after making 
sure that all controls, etc., are correct, the cooling air or water (as well as 
for the dynamometer) may be set going and the engine started up by means 
of the electric motor fitted to the dynamometer, from which all load should 
be removed. It will first be necessary to aid starting by priming some 
of the cylinders vith fuel either by hand through the exhaust valve 
ports if no exhaust pipe is fitted, or, as is more common, injecting fuel 
through piping specially fitted for that purpose and fed by a hand pump 
such as the Eagass. Where the carburetter is fitted with an accelerating 
pump, and is of the inverted type, starting up is often made easier if the 
throttle is opened to about half full opening and closed again several 
times, the extra fuel injected into the air stream giving the required 
richer mixture. Once the engine has fired a few times it may continue 
to run, or, on the other hand, may require nursing by slow steady 
injections from the Eiigass priming pump. Rapid turning of the hand 
starting magneto (booster magneto) may also help to keep it going until 
warm enough to run, even if unsteadily. Once the engine is started it 
should be opened up to about 700 or 800 revolutions and allowed to 
warm up. 

Adjustment of Slow Running Mixture 

If the engine repeatedly fires a few times and then stops, either the 
slow running mixture is too weak or the throttle is not opened wide 
enough, probably the former, and the slow running mixture should be 
richened up. If the mixture is too rich, black smoke will issue from the 
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Fig. 1.—First trial throttle curve. 
Dotted line shows desired curve and heavy 


line the probable one. 



NO ACCELERATING PUMP. 
Cruising range A is relatively small. 


CONSTRUCTION 

exhaust outlets and the mixture 
should he adjusted until—when 
warmed up—the engine fires 
evenly. It is better to keep the 
mixture a little on the rich side 
than on the weak, as it aids start¬ 
ing and has some influence on 
acceleration. The throttle stop 
screw can then be slowly screwed 
out until the required slow running 
speed is obtained, and this reduc¬ 
tion in speed may require a slight 
change in mixture strength to 
keep the engine firing evenly. Too 
low a slow running speed may 
cause the engine to stop when 
landing after a long glide, par¬ 
ticularly if the carburetter is a 
small one without an accelerating 
pump. On the other hand too 
high a slow running speed will 
increase the landing speed of the 
machine and speeds usually vary 
between 300 and 500 r.p.m., accord¬ 
ing to circumstances. 

When ready, the throttle can 
be opened up gradually to cruising 
speed at intervals of 100 r.p.m. 
and the main jet altered to give 
the correct fuel consumption, i.e., 
the correct pints per horse power 
hour. At about 9/10 full power, 
the power jet should be adjusted 
to come into action, and here 
again a size of jet is chosen which 
gives the correct pints per horse 
power hour with the throttle open¬ 
ing giving normal boost. At this 
point the brake adjustment should 
be locked. 

The Throttle Curve 

Cruising and full power con¬ 
sumptions vary with different 
makes of engine, and 0-55 pints 
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per b.h.p. hour is an approximate 
figure for cruising and 0-6 for full 
power. Eigures below these are 
often attained, but if taken too 
low cause high temperatm'es and 
much oil burning. Having fixed 
these two points, a whole throttle 
curve may be taken, either from 
full power dovmwards or from slow 
rumiing upwards. Irregularity in 
running and in the sound of the 
exhaust note may be observed at 
certain speeds, and the cause of 
these can be fairty accurately 
determined by an examination of 
the throttle curve when dravm. 

Probably the first throttle 
curve will appear something like 
Eig. 1, unless a large element of 
luck accompanies the trial setting. 
The consumption at tick-over 
speed is correct, which shows that 
the quantity of fuel issuing from 
the hole opposite the throttle is 
correct. As however the throttle 



Fig. 3.—Throttle curve foe large 

ENGINES WITH CARBURETTER FITTED WITH 
ACCELERATING PUMP. 

XTote the large cruising range A. 


is opened a httle, the curve drops away, showing that the mixture is too 
weak. At this throttle opening the second slow ruiming discharge will 
be under suction and is obviously not feeding enough fuel. It should 
therefore be made a little larger. As this will admit more air when the 
throttle is in the tick-over position, the mixture there vull be made 
vreaker and must be brought back to its original strength by means of 
the mixture adjusting screw\ If it is found that the range of adjust¬ 
ment on this screw is insufficient to get the required richness, it is a sign 
that the slow running jet is too small, and larger jets should be fitted until 
the mixture screw has a margin of adjustment on either side of the correct 
setting, i.e., it can be made too weak or too rich. 

The early part of the throttle curve should then be run again to see 
if the bumps are flattened out and the engine then run at steadily increas¬ 
ing speeds of say 200 r.p.m., po-wer and consumption figures being taken 
at each speed. When approaching the point where the power jet comes in, 
readings are best taken at 100 r.p.m. intervals. If the diffuser comes 
into action too late there wull again be a drop in the curve, but farther 
along than that given by the second slow running discharge hole. If it 
comes in too early or with a rush instead of gradually merging with the 
feed from the second S.R. hole, the curve will have a '' kick-up ” at the 
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4,_Two TYPES OF DIFFUSER WITH CHOKE TUBE OF STREAMLINE TYPE. 


lower part of the cruising range. Again, the curve through the cruising 
range may have a tendency to either rise or fall steadily instead of being 
flat, and the size, position and number of the holes in the diffuser are 
varied to obtain this result. Reducing the number and/or the size of 
holes will reduce the amount of air entering the diffuser and will tend 
to make the curve go gradually richer, i.e., upwards towards full power. 
Increasing the amount of diffuser air will make the curve drop. 

The Diffuser 

In general, two types of driEing are used in these diffusers. For 
aeroplanes with small engines of say 80-200 h.p., where no accelerating 
pumps are used in the carburetters and where only a small drop from 
maximum power gives cruising speed, a throttle curve as shown in Fig. 2 
is necessary. The richness at the lower revolutions is necessary to get 
satisfactory acceleration, and a diffuser with a series of holes extending 
from top to bottom is usually indicated. 

To go to the other extreme, there is the case of the relatively small 
military aeroplane fitted with a very powerful engine in which the object 
is to get off the ground rapidly and climb to great heights at very high 
speed. Having reached-the required height the throttle can be closed 
quite a considerable amount compared with the former type, and some 
of these high powered aeroplanes will cruise comfortably on one third 
of their maximum power output. This calls for quite a different shape 
of throttle curve if economy at all cruising speeds is to be obtained, and 
Fig. 3 shows how the cruising range has been extended. 

A diffuser for a curve of this type has two or three rows round the 
diffuser not far from the top, the uppermost row being approximately 
at the fuel level in the float chamber. This type of diffuser, in conjunction 
with a choke tube of the streamline type (see Fig. 4), has enabled the 
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Hobson throttle curve to be brought 
steadily back through the cruising 
range as engine'aeroplane conditions 
called for it. With it. however, 
increased the difficulty of accelera¬ 
tion. With a small degree of flatness 
in the curve a single action accelerat- , 
ing pump was sufficient, but the 
steeper the curve became from the 
slow running point, the greater was 
the difficulty of ensuring acceleration 
under all conditions, and eventually 
a delayed action pump had to be 
incorporated in the carburetter. The ^ 
action of this pump was described 
earlier in the section Carburation.'’ 

If a boost control is fitted, this 
is, of coiuse, adjusted to give the 
correct ground level induction pipe 
pressure, and although the throttle 5.—A yexturi-drain in action. 

control lever will be fuUv open for . collects at B and is picked up by 

normal boost, the carburetter throttle and recirculated by the impeller D. 
will be partly closed, depending on 

blo’wer pressure, etc. This subject is dealt with exhaustively in the 
section devoted to Automatic Engine Controls. 

As engines of the same series vary slightly it is seldom possible to time 
the opening of the power jet valve by a strict angular movement of the 
pilot’s throttle lever. It is customary, therefore, to adjust it to come into 
action when a certain definite percentage of the maximum power is reached 
during dynamometer tests, the adjustment then being locked. This 
adjustment is now usually in the form of an external worm and wheel and 
is fixed by a locknut on the end of the shaft carrying the power jet 
cam. Earlier models had a vernier type adjustment to which access was 
obtained by removing a cover plate on top of the float chamber. 

If, therefore, it is at any time necessary to strip the carburetter, 
great care must be taken to mark accurately the relative position of the 
cam and shaft by scribed lines, so that it can be replaced wfith the assurance 
that the power jet timing is neither too early nor too late. The throttle 
curve is the principal one, but others are taken and the various tests 
made are described at length in the section dealing with Engine Testing. 


Loading up in Superchargers 

This is a term applied to a gradual accumulation of fuel in the bottom 
of the supercharger or blower easing. When ticking over or at low engine 
speeds, such as during a glide, fuel often deposits on the walls of the 
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blower and collects in a puddle at the bottom, the air speed being insuffi¬ 
cient to pick it up into the air stream. This can amount to a considerable 
quantity, and when the throttle is opened the engine is temporarily 
suffocated by a grossly over-rich mixture. Acceleration therefore is very 
bad and the" engine may even stop altogether. To avoid this deposition 
of fuel a device known as a venturi-drain (or volute drain) is used, which 
sucks up the fuel as soon as it is deposited and throws it into the air 
stream between the carburetter throttle and the blower. The depression 
here is low and holds the fuel better in suspension, the rotor assisting to 
do this. If loading up becomes excessive it is usually due to the slow 
running adjustment being set needlessly rich or to flooding, and a hot air 
intake to the carburetter will enable steadier slow running to be 
obtained with less fuel consumption, while at the same time minimising 
loading up, both in the blower casing and the induction system. 

Fig. 5 shows the layout of a venturi-drain. Usually it is mounted 
directly under the blower casing. Deposited fuel is drawn through a 
small hole drilled in the lowest point in the casing by the injector action 
of the venturi. Air passes continuously through the venturi from the 
outside atmosphere via the pipe to the point where it enters the carburetter 
or blower intake, taking the deposited fuel with it. The air should be 
taken from a source free from dirt, and is sometimes taken from the 
carburetter air intake. The actual size of the venturi throat is quite 
small (about 1^3 mm.), and except on small engines is unhkely to increase 
the slow running speed appreciably. If it does, the carburetter throttle 
should be allowed to close a little by means of the throttle stop screw, 
until the original tick-over speed is obtained. These venturi-drains are 
known in U.S.A. as '' gurgle tubes,” which rather aptly describes the 
somid they make when sucking up the fuel with the carburetter throttle 
in the tick-over position. 



AERO ENGINE TESTING 

By E. W. Knott, M.I.A.E., M.S.A.E. 

I N order that an aero engine is tested in a manner which gives reliable 
results, a considerable amount of machinery and recording instruments 
is necessary. Aero engines have to pass stringent tests, in order to 
comply with Air Ministry regulations, the chief of which is the '' type 
test,’’ which involves many hours of running, including weak mixture 
test and overload test. Such a test calls for the constant attention by 
several people, each with their owm particular duties, combining observa¬ 
tion of the engine’s performance and the recording at frequent intervals of 
the observed results. 

The most important, and at the same time the bulkiest of the plant, 
is the machine for absorbing and measuring the power given out by the 
engine, which consists mainly of measuring torque, revolutions per minute, 
and fuel and oil consumption, to which must be added important inci¬ 
dentals, such as oil and water temperatures, cylinder temperatures, the 
behaviour of magnetos and sparking plugs and the efficiency of the 
engine under conditions which simulate take off, climbing and cruising 
at altitude, etc. 

Power Measuring Devices—The Water Brake 

Probably the best-knovm power measuring device is the Heenan & 
Froude water brake, in which the power is absorbed by the vortex action 
of water in a casing, which action can be controlled. Fig. 1 shows dia- 
grammatically a section through such a water brake. It consists of a 
stout bedplate, securely fixed to.the ground, on which is mounted on 
bearings a casing supplied by water under pressure. Passing through the 
casing is a shaft carrying a rotor of special shape, and it is to this shaft 
that the engine to be tested is connected. The shaft runs in roller bearings 
and is therefore, for aU intents, frictionless. The rotor, in effect, consists 
of a disc mounted on the shaft, on each side of which are cups of special 
shape, and the aforementioned casing has corresponding cups to which 
an adequate supply of water is fed. Between the rotor and the casing 
are thin sheet slides, which can be moved in and out between the rotor 
and the casing such as a canal sluice gate operates. If water is supplied 
to the casing and the rotor shaft revolved, the turbulence created by the 
cups creates a hydraulic resistance, which would tend to turn the casing 
with the shaft if it was not restrained. This restraint can be a measure 
of the torque or twisting effort given to the rotor shaft by the engine, 
and by fixing an arm to the casing and restraining its tendency to turn 
the torque can be accurately measured. The pull on the end of the 
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Fig. 1.—Elevation THROtrGH casing of froude dynamomj^ter, type d.f.x. 

1. Rotor. 5. Water inlet holes in vaiu^s. 

'2. Water outlet valve. 6. Casing liners. 

3. Water inlet valve. 7. Casing trunnion bearing. 

4. Sluice gates for load control. 8. Shaft bearing. 

arm may be measured either by hanging weights on it at a fixed distance 
from the centre of the casing, or else by using a spring balance. It is 
only necessary to know the length of the arm, the pull on it and the 
revolutions of the rotor shaft to calculate quite easily the horse-power 
developed by the engine. 

Although a very small amount of power is absorbed by the bearings 
of the water brake—or dynamometer to give it its correct name—these 
are all recorded on the pull measuring means and therefore introduce 
no errors. Only when the bearings are in bad condition and the friction 
varies over a large range in a spasmodic fashion will the recorded results 
be correspondingly erratic and therefore unreliable. 

The Dynamometer 

Engine tests, to be rehable, should consist of a series of observations 
taken under conditions where influences such as temperatures, etc., do 
not \ ary to an extent which might make the readings taken doubtful, 
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Fig, 2. — A FROUDE wixd tttxnel testing elant. 


and it is therefore essential that having nursed the engine into a condition 
where reliable observations may be expected, that changes in speed and 
torque can be made without stopping the engme between each reading. 
On the Heenan & Fronde dynamometer, this is obtained by means of a 
handwheel, which when turned can alter the position of the slides between 
the rotor and the casing while the engine is running. Screwing the sMes 
in relieves the load on the engine and screwing them out increases the 
load. In this w’'ay a wide range of torque measurements can be obtained. 

The Water Supply 

As the power put into the dynamometer is almost entirely absorbed 
by the water and the ultimate end of all power generated is heat, there 
will be a rise in temperature in the water circulating through the dyna¬ 
mometer, or brake as it is commonly called. The makers specify 
the amount of water and the pressure necessary for the maximum powder 
absorption capacity of each size of machine, and it is advisable to have 
the water piping of such a size that 4 gals, per hour for each brake horse¬ 
power (b.h.p.) absorbed is assured, that the pressure does not fluctuate 
and that the water supply is sufficient to prevent the temperature of the 
water, as it leaves the brake, from exceeding a maximum of 180° F. 
If the w^ater supply is inadequate, the water may boil, with the result 
that the hydraulic resistance is suddenly lost, causing very erratic 
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3. —A FROUDE WIND TUNNEL TESTING PLANT. 

In this case the direct current motor used for starting and running in the engine is 
mounted on trunnions and coupled to the same weighing gear as the Froude Dynamometer, 
and enables accurate measurements of motoring power to be obtained and is useful in 
investigating the mechanical efficiency of the engine. Note the other motor on the left 
used for drmng the cooling fan. 


readings and the certainty of the engine speed racing upwards, an event 
which can cause serious damage before it can be controlled. A ther¬ 
mometer is therefore alw^ays fitted in the water outlet of the brake and 
it should be very frequently observed, the water supply being controlled 
so that the temperature is kept within safe limits. 


Brake Constant 

The length of the arm on the Heenan & Froude brake is always so 
fixed that the calculation necessary to determine the b.h.p. is simple. 
It contributes to a figure known as the brake constant, which is stamped 
on the machine’s name plate and is known as K. 

If W is the weight in pounds which exactly balances the pull of the 

arm, and N is the r.p.m. of the rotor, then gives the b.h.p. being 

absorbed by the brake. 


Operation and Maintenance 

For extreme accuracy, it is important that the arm is horizontal, 
and pointers and a handwheel are provided by means of which this is 
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Fig. 4. — A CLOSE-UP ^’iew of a combined electric and hydraulic dynamometer. 

Showing the rigid connection between the two. 

assured as the angular positi(»n of the arm varies with the power being 
absorbed by the brake, and the arm can be brought back to the correct 
horizontal position hy turning the handwheel. Screw-down type greasers 
are fitted, and provided these are attended to at regular intervals and 
the water drained from the casing by means of the small drain cock at 
the bottom of the casing—should there be danger of frost or the brake is 
unused for a long period—^no skilled attention is necessary. Only at long 
intervals do the packing glands require attention if water leakage is 
observed. A dashpot is fitted to the arm to damp out any sudden changes 
in torque which might damage the mechanism. This dashpot is filled 
with oil and its action is adjustable by means of a screw, and, provided 
it is kept filled with oil, need not be touched. 

Cooling 

While the engine is running, its temperature, whether air- or water- 
cooled, must be kept vdthin certain limits. Too low a temperature w'ill 
cause loss of power and too high a temperature damage through seizure 
of pistons and bearings. When air-cooled engines are being tested on 
the brake, a powerful blast of air must be directed on them, and for this 
purpose an electrically driven centrifugal fan is used, the air being 
confined to a tunnel-shaped passage, w^hich directs it on to the engine. 
Means are provided for regulating the speed of the air passing the engine, 
so that it conforms approximately to that which the engine would have 
in actual fiight. A wind speed measuring instrument forms part of the 
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Fig. 5.—A HEEN-Ai^- PATENT EEBCTRIC DYNAMOMETER. 

Tiu ^ universal t\^e, as it can be used both for production or research testing, 

ine clNTiamonieter carcass is mounted on trunnions and coupled to accurate “ Froude ” 
pattern torque reaction measuring gear. A large number of these have been supplied to 
various parts of the world. . 
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. Fig. 6.—The haslee EEvaLUTiox" couxter ix use. 

test bed equipment and the Pitot tube portion of the instrument is 
placed between the engine cylinders. In some installations various 
safety devices are installed, so that, for instance, the air blast must be 
started before the engine is set in motion. 

A powerful electric motor forms part of the test bed and is used for 
starting up the engine and for the prehminary running-in after it is erected. 
In some cases it is arranged so that the power absorbed by friction, etc., 
can be measured when the enghae is motored round at various speeds. 

There are in use, in steadily increasing quantities for aero engines, 
electrical dynamometers. In these, the engine is coupled to a dynamo, 
which by means of suitable switch gear and wiring, can be converted to 
an electric motor driven from an independent .source of supply such 
as the work’s electrical mains. The motor is used to start up the engine, 
and as soon as it is running, the motor is converted to a dynamo, which 
generates electricity. This electricity is absorbed by adjustable resist¬ 
ances or fed into the work’s mains. In most cases the field casting of 
the dynamo is mounted on bearings, an arm and a spring balance 
measuring the torque as wdth a water brake. Combined water and 
electric dynamometers are also made. See Figs. 3, 4 and 5 for examples 
of the various types. 

Measurement of Speed 

It is important that accurate readings can be taken of the number of 
revolutions per minute at which the engine is running, otherwise its 
horse-power camiot be calculated. 

The Hasler Speed Indicator 

Instruments for giving a direct reading of the speed at which the 
dynamometer is running are fitted to the test plant, are usually belt 
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driven, and are pro¬ 
perly named tacho¬ 
meters. In addition, 
the revolution indi- 
cator normally 
driven by a flexible 
shaft from the 
engine, and as fitted 
in an aeroplane, can 
be used, but a check 
is usually taken with 
an independent 
portable instrument 
of the watch type. 
Probably the most 
universally used 
device of this 
nature is the 
Hasler. It is held 
in the hand and a 
triangular pointed 
steel projection is 
held firmly in a 
conical hole 
accurately and 
centrally drilled in 
the end of the 
dynamometer shaft. 

7.—^,4 POETABLE MODEL OE A NEON LIGHT STBOBOSCOPE additiOU tWO 

KNOWN AS THE STROBORAMA. +L , 11 ^ ‘ 

The portable light is shown on the left and can be carried ^ Sma piOjeC 
to any desired point. tions Or knobs, 

which lie conveni¬ 
ently to the thumb and forefinger, form part of this instrument. 

The method of use is as follows :—^The pointed driving spindle (which 
can also be fitted with a cone ended rubber tip) is pressed firmly into the 
recess in the end of the shaft. One knob is pressed. This winds up the 
recording mechanism, w^hich is then automatically released, the pointer 
travelling roimd the dial at a rate which depends on the speed at which 
the shaft is revolving. It runs for about 5 seconds, B seconds of which is 
actual measmmg time, and the pointer then stops. After noting the figure 
indicated by the pointer, it can be reset to zero by pressing the second 
knob. When using this or any other similar type of revolution counter, 
it is essential that the pointed projection is held firmly and at right angles 
to the end of the shaft, or slipping may take place and inaccurate readings 
recorded. Pig. 6 shows this instrument in use. 
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Fig. S.—The ashdo'wi.' eotoscope ik its caeryestg case. 

The Stroboscope 

Another method of accurately testing the speed of revolving parts 
is by means of an instrument known as a Stroboscope. It can also 
be used to examme the behaviour of rapidly moving parts, such as valve 
rockers, etc., it being possible to produce a stationary or slow^motion 
effect of the part under observation. There are two types, one in which 
the part to be viewed (or a mark on a revolving shaft) is seen through a 
shutter, which cuts off the view at very accurately timed intervals, 
and the other in which the engine or shaft is viewed by direct vision 
with the aid of a rapidly fluctuating neon hght. The latter, however, 
requires the observed part to be preferably in a more or less subdued 
hght, if the best results are to be obtained, and uses transformers giving 
very high voltage which must be efficiently '' earthed ’’ before the machine 
may be safely handled. The fluctuating current passing through the 
neon tubes can be varied in frequency by means of an electrically driven 
contact breaker, the motor of which is fltted with an accurately cah- 
brated speed counter. If the frequency of the neon flashes equals the 
frequency of the moving part being observed, it appears to be stationary. 
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Fig . 9.—The eotoscope being used to check the bevolution counteb in the 
pilot’s cockpit by accubate measxtbement oe the peopellee speed. 


but if there is a slight difference in frequency, the part appears to be 
moving very slowly, which enables such phenomena as valve bounce, etc., 
to be checked. Actually these slow-motion pictures consist of separate 
consecutive views of the moving part, each view being slightly later or 
earher by an equal amount from the previous one, and although the part 
may be travelling at a speed w^hich makes it impossible to see with the 
human eye what is happening, the Stroboscope enables this to be done 
and has revealed many interesting and unexpected facts. See Fig. 7. 

The Mechanical Stroboscope 

An excellent type of mechanical Stroboscope is that known as the 
Ashdown Rotoscope. This depends upon the principle already referred 
to on page 143 the observation of moving parts of machinery through 
a shutter which cuts off the view at accurately timed intervals. It is 
portable and contains clockwork-driven mechanism, which runs at an 
accurately regulated speed. The A ” type instrument has a speed range 
of 100 to 4,000 per minute, and the B ’’ type instrument from 500 to 
20,000 per minute. 

The method of adjusting and using the Ashdown Rotoscope will next 
be described. 
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THE ASHDOWN ROTOSCOPE 

On top of this instrument (see 
Fig. 8)5 is a sliding scale giving speeds 
in hundreds of r.p.m.; a disc on the 
side gives the units. The controlling 
disc should be set to the maximum 
speed, and then slowed down until 
the first stationary view is seen. The Q 
exact speed can then be read directly 
from the scales. 

In order that the speed of the 
Rotoscope can be checked, a small 
lever is'provided, which when moved 
causes the rotor to give a clicking 
sound, the rate of which can be 
checked against a stop watch. A 
master key is provided and can be 
used to raise or lower the speed of 
the rotor until exactly 120 clicks a 
minute are counted; the instrument 
is then correctly cahbrated. 

Another type of portable Strobo¬ 
scope has the rotor propelled by an 
air blast obtained by squeezing a 
bulb of scent spray pattern. The 
faster the bulb is squeezed, the faster 
the rotor runs,' and vdth a little prac¬ 
tice, any desired steady speed can 
be kept up. This instrument is for 
inspection purposes only and cannot 
be used for measuring speed. 

Fig . 10.—The PMNCiPiiE of the amal fuel 

Measurement of Fuel Consumption flowi^ieter. 

Except m rare circumstances, 

measuring fuel flow by checking vdth a stop watch the time required to 
use a measured quantity of fuel is not now used. An instrument known 
as a fiovmieter is employed and has many advantages over the old 
method. It is more accurate, takes less time, enables variation in car¬ 
buretter flow to be seen, minimises the risk of fire and enables immediate 
results to be observed for changes in engine or dynamometer adjustment, 
and requires no calculations. 

The Amal Flowmeter 

Probably the best known flowmieter is the Amal, formerly called the 
Brovm & Barlow. It is in use extensively all over the world and probably. 
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almost exclusively in Great Britain. Fig. 10 shows 
the principle on which it works. Two vertical tubes 
A and B are connected by a venturi passage C. A float 
chamber D maintains a constant level in tube A, and 
so long as no fuel is flowing througli cock E, the level 
in tube B will be the same. If, however, cock E is 
opened and fuel flows to the carburetter, the level in 
tube B will drop, the amount depending on the rate at 
which it is flowing. By mounting a suitably marked 
scale beside tube B, the flow of fuel can be read. 
Although it is customary in this country for the scale 
to be marked in pints per hour, machines can also be 
calibrated in htres per hour, U.S.A. pints per hour, 
and in the case of the largest model, gallons per hour. 

In actual practice the machines are built with two 
tubes B, each with its venturi, as shown m Pig. 11. 
Two different scales can be used, as for instance 32 to 
123 pints per hour and 100 to 390 pints per hour. Both 
scales may be used together, the flow being the sum 
of the two readings, but if this is done, a certain 
Fig , 11.-— The maximum fixed by the makers must not be exceeded. 

FLOW.METEEASACTU- Wlicre it is deshed to test two carburetters at once, 
ALL\ co^sTE^cTED. scalcs luay be the same and the machine can 
only be calibrated with both scales of the same unit of measurement. 

If the instrument is to function reliably, certain rules must be obeyed. 

1 . It must be fixed rigidly in a vertical position. 

2 . A head of fuel on the float chamber must be kept between a 

minimum of 9 in. and a maximum of 30 in. It is, therefore, 
desirable to have tanks which are shallow and of large diameter, 
as the variation in head is not so marked as with deep narrow 
tanks. Where the position or size of existing fuel tanks will ^ 
not permit this, an intermediate or ''pressure breakdown'"’ 
float chamber must be used in the pipe line from the tank to the 
flowmeter. It must be of ample flow capacity and fitted 9 in. 
above the flowmeter float chamber. 

3. Piping betw^een flowmeter and carburetter must be so laid that 

air-locks cannot occur or else irregular readings will bo given. 

4. The fuel should be well filtered. 

Using the Flowmeter 

The routine wken commencing a test must be taken in the following 
order:— 

1 . Close the outlet cocks. 

2 . Turn on main fuel supply and wait until both tubes are filled to . 

the same level. 
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Fig . 12.—The eotameoter, Ai.- aocubate fokm of fuel measuring device. 


3. Open the air release valves and wait until fuel runs freely from 

them. Then close the cocks. This is important, as if air is 
trapped in the instrument, false readings will be given. 

4. Open the required outlet cock. As the pipes and carburetter fill 

up, the level in the tube will drop until they are full and then 
rise to the same position. As air from the piping will probably 
have gone up into the flowmeter, the air release valves should 
again be kept open until fuel flows freely, before closing them. 

5. Leave the main and outlet cocks open and proceed with test. 

If, as the engine is speeded up, the fuel level starts to drop 
below the bottom reading of the scale, turn on the other tap, 

10—2 
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for readings should not be estimated outside the extreme 
markings on the scale, and if the fuel level disappears from sight, 
air may get into the instrument. 


Maintenance 

Periodically and especially if the fuel is not well filtered, each venturi 
should be unscrewed and cleaned with a piece of rag dipped in petrol, as 
any deposit of foreign matter here will cause the instrument to indicate 
flows that are higher than are actually the case. On no account must 
wire be used, as the size and shape of the hole is of extreme importance. 
Flush out the machine with petrol and replace the venturi. 

As the machine is of different construction to a jet calibrating machine, 
although very similar in appearance, no attempt should be made to use it 
for cahbrating the size of a jet, as the results will be incorrect. 

The Rotameter 

This is another form of fuel flow measuring device and is notable for 
its extreme simplicity. It consists of a tapered transparent tube, in 
which the bore is largest at the top. In it is a float of special shape. It 
is circular in section, pointed at the bottom and has a cone-shaped ridge 
at the top. Fuel enters at the bottom of the tube and leaves at the top. 
It has to pass between the coned top of the float and the tube, with the 
result that the faster it flows, the higher up the tube the float must he 
to give the necessary area. A graduated scale beside the tube enables 
the rate of flow to be measured. 

The top rim of the float is constructed so that it spins continuously 
while fuel is passing and readings are taken at the level of the top of the 
float. This spinning action keeps the float always in the centre of the 
tube, so that errors due to friction between the two are avoided. If the 
float fails to spin, it is a sign that the tube is not vertical or that the 
float requires cleaning. At the same time, the tube should be cleaned, a 
light bristle brush on a long wire handle being the best medium for this 
purpose. 

The tubes are held at both ends in packing glands, to which unions 
are fitted for connecting the inlet and outlet pipes. Extreme care must 
be taken not to strata the instrument when connecting these pipes, or 
the tubes may^ be broken. Flexible connections close to the instrument 
are recommended at both top and bottom, as these eliminate risk of 
damage due to vibration, mechanical strain or expansion and contraction, 
w^hich may occur in rigid piping. 

"W here fuel consumption is required to be measured in an aeroplane 
in flight, in which it may not be possible to keep the Rotameter strictly 
\ extical, a special model is available in which a fine wire runs up the centre 
of the tube through the float. The central hole in the float is so formed 
as to have a minimum bearing surface on the wire and is thereby kept 
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Fig. 13.—A KEST or hobson test bed gauges. 

These record the following readings: Exhaust Back Pressure, Air Intake Pressure, 
Fuel Pump Pressure, Air Blast Pressure, Boost Pressure in Inches of Mercury, Boost 
Pressure in Inches of Water, Supercharger Inlet Pressure. 




















Fig . 9.—^The eotoscope being used to check the hevolution counter in the 
pilot’s cockpit by accurate measurement op the propeller speed. 


but if there is a slight difference in frequency, the part appears to be 
moving very slowly, which enables such phenomena as valve bounce, etc., 
to be checked. Actually these slow-motion pictures consist of separate 
consecutive views of the moving part, each view being slightly later or 
earlier by an equal amount from the previous one, and although the part 
may be travelling at a speed which makes it impossible to see with the 
human eye what is happening, the Stroboscope enables this to be done 
and has revealed many interesting and unexpected facts. See Fig. 7. 

The Mechanical Stroboscope 

An excellent type of mechanical Stroboscope is that known as the 
Ashdown Rotoscope. This depends upon the principle already referred 
to on page 143—the observation of moving parts of machinery through 
a shutter which cuts off the view at accurately timed intervals. It is 
portable and contains clockwork-driven mechanism, which runs at an 
accurately regulated speed. The “ A ” type instrument has a speed range 
of 100 to 4,000 per minute, and the B ’’ type instrument from 500 to 
20,000 per minute. 

The method of adjusting and using the Ashdown Rotoscope will next 
he described. 
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B 


. THE ASHDOWN ROTOSCOPE 

On top of this instrument (see 
Fig. 8), is a sliding scale giving speeds 
in hundreds of r.p.m.; a disc on the 
side gives the units. The controlling 
disc should be set to the maximum 
speed, and then slowed down until 
the first stationary view is seen. The 
exact speed can then be read directly 
from the scales. 

In order that the speed of the 
Rotoscope can be checked, a small 
lever is provided, which when moved 
causes the rotor to give a clicking 
sound, the rate of which can be 
checked against a stop watch. A 
master key is provided and can be 
used to raise or lower the speed of 
the rotor until exactly 120 clicks a 
minute are counted; the instrument 
is then correctly calibrated. 

Another type of portable Strobo¬ 
scope has the rotor propelled by an 
air blast obtained by squeezing a 
bulb of scent spray pattern. The 
faster the bulb is squeezed, the faster 
the rotor runs,' and with a little prac¬ 
tice, any desired steady speed can 
be kept up. This instrument is for 
inspection purposes only and cannot 
be used for measuring speed. 

Measurement of Fuel Consumption 

Except in rare circumstances, 

measuring fuel flow by checking with a stop watch the time required to 
use a measured quantity of fuel is not now used. An instrument known 
as a flowmeter is employed and has many advantages over the old 
method. It is more accurate, takes less time, enables variation in car¬ 
buretter flow to be seen, minimises the risk of fire and enables immediate 
results to be observed for changes in engine or dynamometer adjustment, 
and requires no calculations. 



•The principle of the amal fuel 

FLOWMETER. 


The Amal Flowmeter 

Probably the best known flowmeter is the Amal, formerly called tlie 
Brown & Barlow. It is in use extensively all over the world and probably. 
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almost exclusively in Great Britain. Pig. 10 shows 
the principle on which it works. Two vertical tubes 
A and B are connected by a venturi passage C. A float 
chamber D maintains a constant level in tube A, and 
so long as no fuel is flowing through cock E, the level 
in tube B will be the same. If, however, cock E is 
opened and fuel flows to the carburetter, the level in 
tube B win drop, the amount depending on the rate at 
which it is flowing. By mounting a suitably marked 
scale beside tube B, the flow of fuel can be read. 
Although it is customary in this country for the scale 
to be marked in pints per hour, machines can also be 
calibrated in litres per hour, U.S.A. pints per hour, 
and in the case of the largest model, gallons per hour. 

In actual practice the machines are built with two 
tubes B, each with its venturi, as shown in Pig. 11. 

Two different scales can be used, as for instance 32 to 
123 pints per hour and 100 to 390 pints per hour. Both 
scales may be used together, the flow being the sum 
of the two readings, but if this is done, a certain 
^ ig . 11.—The a]^ial maximum fixed by the makers must not be exceeded. 
’LowMETEHASACTu- Wlieic it is dcsired to test two carburetters at once, 

ALL^i co^feTIl^cTED. scalcs may be the same and the machine can 
only be calibrated with both scales of the same unit of measurement. 

If the instrument is to function reliably, certain rules must be obeyed. 

1 . It must be fixed rigidly in a vertical position. 

2 . A head of fuel on the float chamber must be kept between a 

minimum of 9 in. and a maximum of 30 in. It is, therefore, 
desirable to have tanks which are shallow and of large diameter, 
as the variation in head is not so marked as with deep narrow 
tanks. Where the position or size of existing fuel tanks wffl \ 
not permit this, an intermediate or pressure breakdown ” 
float chamber must be used in the pipe line from the tank to the 
flowmeter. It must be of ample flow capacity and fitted 9 in. 
above the flovuneter float chamber. 

3. Piping between flowmeter and carburetter must be so laid that 

air-locks cannot occur or else irregular readings will be given. 

4. The fuel should be well filtered. 

Using the Flowmeter 

The routine when commencing a test must be taken in the following 
order;— 

1 . Close the outlet cocks. 

2 . Turn on main fuel supply and wait until both tubes are filled to 

the same level. 
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3. Open the air release valves and wait until fuel runs freely from 

them. Then close the cocks. This is important, as if air is 
trapped in the instrument, false readings will be given. 

4. Open the required outlet cock. As the pipes and carburetter fill 

up, the level in the tube will drop until they are full and then 
rise to the same position. As air from the piping will probably 
have gone up into the flowmeter, the air release valves should 
again be kept open until fuel flows freely, before closing them. 

5. Leave the main and outlet cocks open and proceed with test. 

If, as the engine is speeded up, the fuel level starts to drop 
below the bottom reading of the scale, turn on the other tap, 
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for readings should not be estimated outside the extreme 
markings on the scale, and if the fuel level disappears from sight, 
air may get into the instrument. 

Maintenance 

Periodically and especially if the fuel is not well filtered, each venturi 
should be unscrewed and cleaned with a piece of rag dipped in petrol, as 
any deposit of foreign matter here will cause the instrument to indicate 
flows that are higher than are actually the case. On no account must 
wire be used, as the size and shape of the hole is of extreme importance. 
Flush out the machine with petrol and replace the venturi. 

As the machine is of different construction to a jet calibrating machine, 
although very similar in appearance, no attempt s.hould be made to use it 
for calibrating the size of a jet, as the results will be incorrect. 

The Rotameter 

This is another form of fuel flow measuring device and is notable for 
its extreme simplicity. It consists of a tapered transparent tube, in 
which the bore is largest at the top. In it is a float of special shape. It 
is circular in section, pointed at the bottom and has a cone-shaped ridge 
at the top. Fuel enters at the bottom of the tube and leaves at the top. 
It has to pass between the coned top of the float and the tube, with the 
result that the faster it flows, the higher up the tube the float must be 
to give the necessary area. A graduated scale beside the tube enables 
the rate of flow to be measured. 

The top rim of the float is constructed so that it spins continuously 
while fuel is passing and readings are taken at the level of the top of the 
float. This spinning action keeps the float always in the centre of the 
tube, so that errors due to friction between the two are avoided. If the 
float fails to spin, it is a sign that the tube is not vertical or that the 
float requires cleaning. At the same time, the tube should be cleaned, a 
light bristle brush on a long wire handle being the best medium for this 
purpose. 

The tubes are held at both ends in packing glands, to which unions 
are fitted for connecting the inlet and outlet pipes. Extreme care must 
he taken not to strain the instrument when connecting these pipes, or 
the tubes may be broken. Flexible connections close to the instrument 
are recommended at both top and bottom, as these eliminate risk of 
damage due to vibration, mechanical strain or expansion and contraction, 
which may occur in rigid piping. 

T^ here fuel consumption is required to be measured in an aeroplane 
in flight, in which it may not be possible to keep the Rotameter strictly 
vertical, a special model is available in which a fine wire runs up the centre 
of the tube through the float. The central hole in the float is so formed 
as to have a minimum bearing surface on the wire and is thereby kept 
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Fig. 13.— ifEST oe hobson test bed gauges. 

These record the following readings: Exhaust Back Pressure, Air Intake Pressure, 
Fuel Pump Pressure, Air Blast Pressure, Boost Pressure in Inches of Mercury, Boost 
Pressure in Inches of Water, Supercharger Inlet Pressure. 
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central in the tube, even if the machine tilts a few degrees in any 
direction. 

When using the Rotameter, it is most important that the fuel is 
turned on and ojf slowly, or the float will be driven violently towards the 
end of the tube. 

Measurement by Weight 

A third method only occasionally used is that of timing the consump¬ 
tion of a given weight of fuel. A fuel container is placed on one side 
of a pair of scales and the quantity of fuel in it exactly balanced by an 
assortment of weights, including one equal to the weight of fuel to be 
tested, say 1 lb. The container is connected by a length of pipe, which 
must be flexible, to the carburetter, and by means of a 3-way cock, 
an alternative source of fuel supply enables the engine to run on either 
the fuel in the container or from the other source. The engine is brought 
up to required running conditions on the alternative supply, and then as 
the 3-way cock is turned, a stop watch is started and the 1 lb. weight 
removed. The side carrying the fuel container, of course, drops and the 
scales must be carefully watched, for as soon as 1 lb. weight of fuel is 
consumed, the container side will rise and the stop watch must be 
“ clicked ’’ exactly as the indicating pointer on the scales passes the 
level ” mark. The 3-way cock is then turned so that the container is 
isolated and the engine runs once more on the other supply. In all such 
tests it is essential that the engine speed, load and temperatures are 
constant whole the test is being taken. 

In view of the fact that if the specific gravity of the fuel being used 
is taken with a hydrometer, the volume readings shown on flowmeters 
can readily be converted to weight readings, and undoubtedly they are 
simpler and quicker to use. 

Measurement of Oil Consumption 

A tank with a calibrated gauge glass is necessary and more accurate 
readings can he taken if the tank is high in proportion to its diameter. 
Electrical immersion heaters or steam-heated coils are necessary, so that 
the warming up period of the engine can be greatly reduced. On the 
other hand, when the engine is running the temperature of the oil has 
to be kept from exceeding a certain specified temperature and therefore 
water-cooled coils in the tank are also necessary, the various control 
cocks being within easy reach of the tester. When the oil temperature 
has remained at a steady figure for a short time, the level in the gauge 
glass is noted and the engine opened up to the speed at which it is desired 
to test oil consumption. After a minimum measurable quantity of oil 
has been consumed or a definite period of time has elapsed, during which 
the engine r.p.m. must remain constant, the engine is shut down, and 
after allowing a minute or two for the ofl. level to settle, the amount used 
can be read. 
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Measurement by Weight 

The amount of oil consumed can also be measured by a method similar 
to that of weighing fuel on a pair of scales. The oil container complete, 
with heating and cooling devices is mounted on one side of a large pair 
of scales, flexible connections being used to avoid incorrect readings. 
Before starting the test—but after the engine is warmed up—the con¬ 
tainer and its contents are carefully^ weighed and at the completion 
of the test again weighed, the difference giving the weight of oil used for a 
timed period. 

Oil Temperatures and Pressures 

The accurate recording of these is very important and distant reading 
instruments are used. In the case of oil pressure indicators the best 
and safest type are those in which the engine oil does not directly operate 
the recording instrument. With such instruments, the oil pressure 
affects .a capsule or bellows connected by a thin tubing to the recording 
dial. The bellows, tubing and recording instrument are filled with a 
special fluid which transmits the pressure exerted on the bellows. The 
advantages of such a scheme are that if the bellows breaks, hot engine oil 
under pressure cannot be lost, and due to the nature of the transmitting 
fluid, immediate readings can be taken whether hot or cold. 

Most of these gauges have a dial reading up to 150 lbs. per square inch, 
but as the pressure when a cold engine is started may exceed twice this 
figure, the instrument must be capable of standing a heavy overload 
without damage or permanent 
derangement of its recorded 
readings. 

Two instruments of the remote 
reading type are also used, one for 
the inlet temperature and one for 
the outlet, the former usually 
having a range of 0-100° 0. and 
the latter 0-150° 0., although 
these figures are rarely reached. 

These consist of a bulb placed at 
the point where it is necessary to 
measure the oil temperature, a fine 
tube connecting it to the recording 
instrument. When choosing a 
position for the bulb, care must be 
taken that it is actually,in the 
oil stream and not m an air- 
pocket and that the bulb does 
not restrict the normal flow of oil. 



Fig . 14. —Short and mason distance reading 

TEMPERATURE INDICATOR. 
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Fig. 15.—An altitude bon as used by the beistol aeroplane go. 
Two are used, one on each side of the engine. 


Unsupercharged and Supercharged Engines 

The testing of uiisupercharged (naturally aspirated) engines is relatively 
simple compared with that of supercharged engines. With the latter, 
pressure gauges are necessary for recording the inlet and outlet pressures 
of the supercharger or blower, as it is commonly called, or of the non-geared 
paddle-fan or impeller type. In addition an altitude box is required, by 
means of which rarefication of the air supply to the engine at various 
altitudes can be simulated on the test bed. 

Blower or induction pipe pressures may be taken by dial type instru¬ 
ments, but the height of a column of mercury in a glass tube is usually 
taken at the same time as the most rehable check. In some installations 
an adjustable sliding scale beside the tube enables the readings to be 
corrected from time to time in accordance with variation in barometric 
pleasure, which in some parts of the world can vary considerably in even 
an hour or two. 

The altitude depression box usually consists of a large cylindrical 
drum connected to the carburettor air intake, usuaUy with a flexible, 
out airtight comiection, and having an opening or openings which can 
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be infinitely raried in area. In some cases these consist of interchangeable 
discs having varying-sized holes and m others movable slides operated by 
a handwheel and screw. A connection from this box to a mercury U tube 
enables the drop in pressure m the box to be recorded and thereby the 
corresponding altitude, and as any leakage between the box and the U tube 
would give false readings, the utmost care must be taken that no bad 
joints of any kind are present. 

The U tube must be made of specially selected glass, otherwise it is 
attacked by the mercury and the inside becomes covered with sludge. 
Means must be provided so that any sudden change in pressure or depres¬ 
sion (suction) cannot draw the mercury out of the glass into the engine 
(this applies particularly to U tubes connected to the induction pipe) 
and special depression gauges are made with traps which prevent this. 
In ad^tion, as pulsations may occur, some means such as an adjustable 
clip on one of the rubber connections should be fitted to damp these out. 
The induction pipe pressure in a supercharged engine is known as the 
“ boost pressure and is measured at a point m the blower outlet casing 
which is found by experiment to be most free from fluctuation. As back¬ 
fires might damage the boost pressure gauge, the connecting pipe union 
has a small orifice to counteract such possible damage. 

CHECKING MIXTURE STRENGTH BY EXHAUST GAS EXAMINATION 

WTiile the readings given by a flowmeter indicate the total fuel used 
by the engine for a given power output, it does not indicate whether some 
cylinders are getting more or less than their proper share and only an 
analysis of the exhaust gas taken from each individual cylinder can show 
this. In addition relative mixture strengths of the different cylinders 
often change with engine speed, and a cylinder getting an unnecessarily 
rich mixture at say 1,500 r.p.m. may be found to be weak at 2,000 r.p.m. 
due to peculiarities in the induction system. 

An examination may be made two ways, by a chemical analysis of a 
sample of exhaust gas taken from each cylinder, which, while accurate, is 
a fairly lengthy job, or a fairly accurate method—comparative as between 
different cylinders—that is obtained by electrical devices, the underlying 
principle of which is the change in resistance of an electrically heated 
wire placed in the path of the exhaust gas. According to the variation 
in the constituents of the gas, so the resistance of the we varies, and the 
variation is shown on a dial which can be calibrated to show a scale of 
mixtures ranging from too rich to too weak. Such instruments are the 
Moto-Yita and the Cambridge exhaust-gas tester. An illustration of the 
recording instrument of the latter is given. Such instruments are of 
real use for test bench work and on civil airliners and have found 
favour in U.S.A. for the latter ; but for military aeroplanes, especially in 
wartime, would not be of much use as they could not be given the neces- 
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Fig. 16 (left). —Cambridce 

EXHAUST GrAS INDICATOR 
SHOWING HECORDING 
INSTRUMENT. 


Fig. 17 (nghty-JGiM- 
BRIDGE RECORDING 

instrument for use 

WITH THERMO¬ 

COUPLES. 
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Fig . IS.—Caaibeedge spaekeng pltg theeaio-couple. 

sary attention. With open exhaust pipes (short stubs) the colour of the 
exhaust flame is some indication of mixture strength, but requires a more 
or less darkened room. The correct flame should have a short blue cone 
similar to the flame of a well-regulated Bunsen burner. Long ragged 
blue flames indicate a rich mixture, and if black smoke is present, an 
overrich mixture. Short green flames ranging to yellow with a red centre 
indicate weak mixture, while sparks or puffs of smoke blown from the 
exhaust may indicate detonation, but camiot be accepted as certain unless 
other symptoms are present. Back pressiue in the exhaust system can 
cause or accelerate detonation. When watching exhaust flames as a 
means of estimating mixture strength, one should turn towards the flames 
for not more than a second or two and then turn away before the eyes 
get confused. If the flames are stared at for some time it is impossible 
to make a true comparison. 

Measurement of Cylinder Temperatures 

These are taken at various points by means of thermo-couples. The 
latter consists of a junction of two dissimilar metals which, when heated, 
generate an electric current which while very weak can be accurately 
measured. The hotter the junction the greater the output of electricity, 
and the measuring instrument can be calibrated to read the temperature 
to which the thermo-couple is subjected. Thej^ are made in two forms, one 
similar to a sparking-plug washer, and the other of ring shape but rather 
larger, and known as a thimble, which is bolted to a flat place on the 
cylinder, specially machined for the purpose. Two insulated wires are 
attached to the thermo-couples and are connected to the recording 
instrument, and as the length and therefore the electrical resistance of 
the leads affects the reading of the instrument, the leads must never be 
lengthened, shortened or exchanged. Actually the instrument compares 
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the temperature of the thermo-couple with another, known as a cold 
junction, which, for example, can be kept in a thermos flask filled witli 
ice and water or oil, the temperature of which can be taken with an 
ordinary thermometer. A cahbration chart is supplied with each instru¬ 
ment and set of thermo-couples. The reading on the dial is compared 
with a corresponding temperature reading on the chart, and to this must 
be added the temperature of the cold junction to obtain the true tem¬ 
perature of the thermo-couple on the engine. 

By means of a thermo-couple on each cylinder and a selective switch, 
readings of all cylinders in turn can be rapidly taken. Fig. 18 shows a 
thermo-couple of the sparking-plug washer type for use in engine testing. 

The condition of the sparking plugs is sometimes an indication of 
cylinder temperatures and to some extent mixture strengths if excessively 
weak or rich. If sparking-plug trouble is suspected during a test, each 
magneto should be switched off in turn, when the drop in r.p.m. should 
not exceed 5 per cent. If httle or no drop occurs, excessive advance of 
the ignition timing may be suspected. Different types of sparking plugs 
should be tested, as it is an Air Ministry requirement that two different 
t 3 ^es of plug are allocated as suitable for each make of engine. Between 
runs the plugs should be examined for damaged points or insulation 
and tested under a pressure of at least 100 lbs. per square inch. Care 
must be taken that the plug is free of fuel in case an explosion takes 
place wLen the hand magneto of the testing machine is turned. 



THE VARIABLE-PITCH AIRSCREW 

By FuGHT-LiErTENAKT J. W. Bell, D.S.M. 

Service Ilamger, Airscrew Division, de Havilland Aircraft Co. 

T TXLIKE the marine propeller, which applies a steady power to the 
movement of a constant load, the airscrew is required to work in 
three dimensions in a medium whose varj^’ing density has the effect of 
varying the power of the engine whilst the load on the airscrew, and 
therefore on the engine, changes with every change of attitude of the 
aeroplane, 

In the main these conditions are opposed one to the other, and it is 
impossible, therefore, to design a fixed-pitch airscrew for a maximum of 
efficiency in horizontal flight which will be equally efficient in climb, or 
one which will take off the ground the heaviest safe load which the engine 
power available is capable of lifting, and then transport that load from 
point to point in the shortest possible time. 

Why a Variable Pitch is Desirable 

In brief, the fixed-pitch airscrew can only be designed to operate 
vith a maximum of efficiency for a single set of flight conditions, and it 
is necessary, therefore, to adopt a compromise in order to ensure a safe 
take-off and at the same time to secure a reasonable performance in flight. 

To meet these requirements it is usual to overpitch the airscrew as 
much as safety considerations wfil admit for take-off, with result that the 
engine revolutions at full throttle are held down and the engine cannot 
deliver the full power of which it is capable at a time when it is most 
required. 

At altitude, on the other hand, the concessions in blade pitch which 
have been made to ensure a safe take-off, result in an airscrew which 
cannot absorb the rated power of the engine at its normal rate of revolu¬ 
tion and it is necessary to throttle back in order to prevent over-speeding 
of the engine, so sacrfficing a considerable margin of speed in horizontal 
flight. 

Efficiency Losses with Fixed-Pitch Airscrews 

It follows that in neither of these two most important conditions of 
flight is the airscrew using to the best advantage the power of which the 
engine is capable—indeed, in the large majority of cases, the combined 
efficiency of the engine and airscrew is as low as 60 per cent, or even less 
at take-off, whilst in level flight the loss in performance, though less than 
the above, is stiU considerable. 
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RELATIVE PERFORMANCE Z 




6000 ft 

A FIXED PITCH AIRSCREW AT 
MAXIMUM EFFICIENCY AT 
ALTITUDE 


6,000 ft 

A CONTROLLABLE PITCH AIRSCREW 
AT MAXIMUM EFFICIENCY 
AT ALTITUDE 




IS ONLY APPROXIMATELY 
607« EFFICIENT AT 



CAN ALSO BE ADJUSTED TO 
BE EQUALLY EFFICIENT 
AT 

SEA LEVEL 



iOOX 


Fig . 1.—Eelative pbbfobmaitce at geoxjnd level and altitxjde. 

Racing and High-Speed Aeroplanes 

These limitations of the fixed-pitch airscrew become an increasingly 
serious problem in the case of aeroplanes designed for high speed and 
racing; aeroplanes fitted mth such airscrews are often quite hazardous to 
take oS the ground. 

A Practical Solution 

It was not until quite recent times that a variable-pitch airscrew, 
with commercial possibilities, was produced by the Hamilton Standard 
Propeller Company of America. 

In thi^, as in other designs, the airscrew has alternative pitches for 
climb and level flight. The blades are adjustable in both high and low 
pitch positions, thus enabling the aeroplane to cope with those special 
and usually temporary requirements of take-off, climb and speed in level 
flight, which occur from time to time. 

The conditions of take-off, for instance, from sea-level and an aero- 
di'ome at an altitude of 6,000 ft., are very different, and an aeroplane 
loaded to capacity at sea-level would be quite unable to get off the ground 
with the same load at 6,000 ft., if fitted with a fixed-pitch airscrew. 

With a eontroUahle-piteh airscrew, on the other hand, an easily 
effected adjustment at the low-pitch end of the scale would enable the 
engine to develop its maximum horse power for take-off in either of these 
cas>es, without interference with the high-pitch setting which remains 
set at the most efficient angle for flying at rated altitude. 
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Fig . 2 . —Relative pereormastce during take-off and CLnis. 


Use when Developing Aeroplanes 

A further advantage is conferred by the controUable-pitch airscrew 
in that it can be varied through a relatively wide range of pitch angles 
to conform with development in the aeroplane or alteration in engine 
power. It thereby obviates the need for a series of development airscrews, 
whilst often it will be found that the controllable-pitch airscrew can be 
used on kindred types without loss of efficiency. 

In brief, the controllable-pitch airscrew possesses an adaptability, 
unknown to the fixed-pitch airscrew, which enables heavier loads to be 
taken out of smaller aerodromes than formerly, and these loads are taken 
to altitude and transported from point to point in much less time and at 
lower cost than has been possible hitherto, whilst the rate of wear and 
tear of the engine is substantially reduced. 

General Description of V.P. Airscrew 

In principle the design of all variable-pitch airscrews is similar—they 
all provide rigid blades which are rotated about their centre lines in 
order to change pitch. An outer member called the barrel envelops 
the blade roots and is designed to absorb the centrifugal pull of the blades 
when the airscrew is rotating. 

In many designs this component is spLined to the engine shaft and is 
also required to transmit the driving torque to the blades, but in others 
this torque is taken by an internal member, known as the spider, \vhich is 
provided with arms on which the blades are free to turn. 
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Fig. 4.—Db havellaot cok-trollable-pitch AmscREW. 
Component parts, less blades, of a 4,000 size three-blade airscrew. 


Methods of Varying the Pitch 

Various means of effecting the change of pitch angle are in use, 
amongst which may be mentioned : oil pressure from the engine lubrica¬ 
tion system which operates in a cylinder built into the airscrew ; electric 
motors which are mounted on the airscrew hub and taking a current 
supply through shp rings move the blades through the medium of reduc¬ 
tion gears ; air pressure and the centrifugal force of counterweights ; 
auxiliary windmills mounted co-axially with the airscrew and driving 
through clutches and gearing. 

Materials of Construction 

Whilst all heavily stressed parts, such as the barrel and spider, are 
made in high-tensUe steel, a variety of materials is used for the blades, 
which, most often made in duralumin, are also manufactured in magnesium 
alloy, synthetic material, impregnated wood covered with celluloid, or 
sprayed" metal, etc., all of which have some advantages pecuhar to the 
particular material. 

The de Havilland Controllable-pitch Airscrew 

The British-built version of the Hamilton standard airscrew is the 
de Havilland controUable-pitch airscrew, which is now in production in 
large quantities, and accordingly this airscrew, which possesses most of 
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the features -which controllable-pitch airscrews have in common, has been 
selected for illustration and description. 

The designers have aimed at producing an efficient mechanism of 
simple and robust construction, with the minimum number of working 
parts. 

Principles of Operation 

This airscrew is not dependent upon extraneous or auxiliary sources 
of power which are often complicated and liable to derangement, but 
uses the engine lubricating-oil pressure to change into low pitch, and 
centrifugal force of counterweights to change into high pitch. These 
sources of energy, it will be noted, must always be available if the aero¬ 
plane is in flight, or is fit for flight. 

Furthermore the stresses arising from centrifugal force and torque 
are catered for separately—^thc fiist being absorbed by the barrel, and the 
second by the spider. 

In flight the natural tendency of the blades is to take up the high- 
pitch position under the centrifugal pull of the counterweights which is 
always in being when the airscrew is rotating ; and the low-pitch position 
is attained by admitting oil under pressure to a cylinder which then 
moves along a fixed piston, and through the agency of a cam motion 
forces the blades to take up the low-pitch position against the pull of the 
counterweights. 

^Tien the pressure is released, the blades are returned to high-pitch 
position and the oil in the cylinder is returned to the crankcase under 
the puH of the counterweights. 
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DE HAVILLAND CONTROLLABLE PITCH AIRSCREW 

Fig. 6.-CON'TROULABLE-PITCH ATRSCEEW IlfSTAIiLATION EOK “ BEISTOL ” BifGINES. 


Provision for Mounting on Airscrew Shaft 

Provision to mount and operate the controllable-pitch airscrew is 
now being made upon almost all types of aero-engines and usually takes 
the form of a channelled shp-ring or recess which surrounds the airscrew 
shaft and receives a supply of oil under pressure from the mam gallery 
via a pipe in which is fitted a two-position cook or piston valve. 

Coincident with the channel of the slip-ring a hole is drilled radially 
into the bore of the ahscrew shaft, through which the oil passes to and 
from the operating cylinder. 

Operation and Control 

The two positions of the control cock or piston valve are '' oil gallery 
to cylinder ” and cylinder to sump ” and movement is effected from one 
position to the other from the pilot’s cockpit by means of an approved 
type of control. The conventional method of installing these controls is 
to fit them so that they '^follow the throttle,” i.e., they are pushed 
forward for high pitch and drawn back for low pitch. 

The time required to change pitch varies with each installation, and 
also in accordance with a number of factors related to the conditions of 
flight obtaining, but in the most tardy cases it is never more than a few 
seconds. 

It should be noted that whilst the foregoing brief description of the 
construction and principles of operation of the Hamilton Standard and 
de Havilland controllable-pitch airscrews refers only to two pitch positions, 
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SPUNBD SLEEVE 

ASSEMBLY CHART 


Fig . 7.—^Assembly chart. 

all airscrews of this type are essentially constant speed airscrews, and 
only require the addition of a small pump and control unit which must be 
driven at a constant ratio to engine speed to give fully automatic control 
of engine speed and power. 

Detailed Description of the de Havilland V.P. Airscrew 

To continue with a more detailed examination of the airscrew—^in 
this case the three-bla^e type—it will be observed that the whole assembly 
is carried on an internal member, which is called the spider (16). 

How the Spider is Secured to Shaft 

This component is bored and splined or tapered to fit the engine 
shaft on which it is secured and centralised at the front end by means of 
a cone (53) held up by the piston (45) which screws on to the end of the 
airscrew shaft in place of the airscrew nut. 

Blades Attachment 

It is provided with two or three arms on which the blades (1) pivot 
and which also transmit the drive torque to the blades. The spider, 
furthermore, is drilled and fitted with nipples (55) through which the 
internal bearing surfaces may be pressure-greased, the grease passing 
first into the bores of the spider arms, and thence through holes to the 
annular space between the large and small bushes and so on to the bearing 
surfaces. 
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HIGH PITCH POSITION SHOWN BY SOLID LINES 
LOW PITCH POSITION SHOWN BY DOTTED LINES 


How the Barrel is 
Centred 

At the rear the 
spider is formed with 
a circumferential 
groove into which is 
fitted a ring of sjn- 
thetic resin and fibre 
(19) to act as a rub¬ 
bing strake between 
the barrel (10) and 
(11) and spider and 
to keep the barrel, 
which otherwise is 
fuU-floating, centred 
around the axis of 
rotation. 

Shim Plates and Greas¬ 
ing Nipples 

Concentric with 
each spider arm at 
the root a spigot is 
provided to position 
the shim plate (17), 
whilst mid-way be¬ 
tween each pair of 
arms the greasing CROSS - SECTION THROUGH AIR SCREW BLADE 

nipples are screwed ^ig. 8.— Cross -SECTION THROUGH CONTROLLABLE-PITCH AIR- 
into the spider hub, screw blade. 

where they are access¬ 
ible to the grease gun through apertures m the barrel. 



The Snap Ring 

At the front end the spider is provided with a snap-ring (21) let into 
a recess immediately in front of the cone seating to provide a purchase 
against which the cone can bear, and so withdraw the hub from the 
engine shaft when the piston is unscrewed. 

The Locking Ring 

It has also a recess to accommodate a locking-ring (49) which employs 
male and female octagonal location on the neck of the piston, and is 
secured to the hub at its periphery through close adjacent flanges by 
split pins. 
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Fig. 9.—Be havilland controllable-pitcpi airscrew. 

Blades for a 4,000 size airscrew, showing arrangement of roller races, and locating and 
fixing arrangements for securing the blade bushing. 

The Front Cone 

The front cone (63) is a close fit on the airscrew shaft and is ground 
to fit accurately the seating in the front end of the spider. It is provided 
ydth a recess on its outer face and is split across a diameter to permit of 
its being assembled round a flange on the neck of the piston by which it 
is withdrawn. 

Between the flange of the piston and the front cone provision is made 
for a leather packing-washer (54) which prevents leakage of oil along the 
piston threads. 

The Actuating Piston 

The piston (45) is a hollow cylinder of steel provided with a thread 
and locking arrangements at one end by which the whole airscrew and 
the piston itself are secured to the engine shaft as already described. 

It is also open at the large or outer end where the aperture is shaped 
to take the box spanner by which the piston is turned. 

Around the piston at the outer end are fitted two “ L ” sectioned 
leathers (46) and (47), back to back, which are held in position by a 
ni^nut (48) and effect the oil sealing of the piston in the bore of the 
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The Cylinder 

The cylinder (40) is a duralumin forging which is closed at its front 
end by a cylinder cover of steel (44) screwed down upon a copper-asbestos 
joint-ring (41)—the cylinder and cover being locked together through their 
flanges by the tang of a spring locking-wire (42) which is sprung into a 
groove round the inside of the cover flange. 

The Counterweight Bearing-Shafts 

At the rear or open end the cylinder is a close fit round the piston 
and is formed externally with a wide thick flange, which is milled away to 
leave two or three bosses (for either tw'o or three blades) into w’hich are 
screwed the counterweight bearing-shafts (32) which are the connecting 
links between the operating cylinder and the blades. 

As these bearing shafts are subject to various and considerable stresses 
in use and at the same time are constrained to small limits of fit and 
wear by the design, special arrangements have been made to secure them 
in the cylinder flange. 

The bearing shafts are produced to fine limits on the overall length 
and in order to secure interchangeability a small steel plug is pressed 
into the tapped hole in the cylinder flange, cuttered to gauge in position 
and the bearing shaft is then screwed hard down upon it. 

To support the shaft at the outer end a bronze bush (43) is pressed 
into the cylinder flange and reamed in position to a push-fit on the 
shaft, when it is faced on its flange to provide a specified clearance at the 
back of the counterweight bracket (25). The bush is, in effect, merely a 
replaceable ^stiffening to the bearing-shaft bore—there is no relative 
movement—and the whole assembly is locked by a split pin which passes 
through the cylinder flange, bush and bearing shaft. 

The bearing shaft at the outer end is formed with a head which is 
mitred on the underside and is continued on the upper side of the head 
where it forms a boss about in. high. 

This shaft is screwed into the cylinder flange through a ball race (29), 
(30) and (31) of special design which is accommodated in a curved recess 
milled in the counterweight bracket—^the bevel under the head locating 
in a seating in the smaU race and the extension to the head projecting 
into the slot in the counterweight where the travel of the shaft is deter¬ 
mined by the stop nuts (35) on the adjusting screw (36). 

Thus assembled, the bearing shaft takes through the ball race the whole 
of the centrifugal load and turning moment of the counterweight (22). By 
reason that the locus of the shaft is inclined to the slot in the counter¬ 
weight, it operates—and in turn is operated by—the latter in the process 
of changitig pitch. 

The Counterweight 

The counterweight is dowelled to the counterweight bracket and 
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BLADE ANGLE ADJUSTMENT (AS SHOWN) 
HIGH-PITCH SETTING 23® 

LOW-pitch setting 


IS® 


38 

COUNTERWEIGHT 

adjusting screw 
• STOP PIN 

36 

COUNTERWEIGHT 

adjusting screw 


secured thereto by 
cheese-headed screws 
locked by spring 
washers. The weight 
of the counterweight 
assembly requires to 
be determined closely 
and is adjusted by 
means of a type- 
metal filling in the 
cap (23) which screws 
on to the counter¬ 
weight on which it is 
secured by a locking 
pin (24) in shear and 
a split pin (37). 

The Blades 

The various 
materials referred to 
in a previous para¬ 
graph are resolved 
into blade forms by 
processes most of 
which are highly 
specialised. All are 
designed to utilise the 
peculiar properties of 
the material to best advantage in a component which is subjected to very 
severe and constantly varying stresses in flight. 



INDEX PIN 


BASE ANGLE SETTING STAMPING 
SHOWN ON FRONT FACE OF 
bracket for ILLUSTRATION 
PURPOSES ONLY 

BLADE-ANGLE ADJUSTMENT 

DE HAVILLAND CONTROLLABLE PITCH AIRSCREW 
Fig. 10. —^Blade angle adjtjstivient. 


Metal Blades 

Metal Hades are produced by forging, and in some cases they are 
also rolled or extruded in order to improve the grain-flow and enhance 
the strength of the material. 


Synthetic Material Blades 

Synthetic material blades are both moulded under pressure in heated 
dies and carved from blocks of material specially prepared. 

Wood Blades 

Wooden blades are often compressed at the root to receive a steel 
sleeve by which they are attached to the hub and are impregnated under 
pressure with synthetic resin, finally to be finished with an outer coating 
of sprayed-on cellulose preparation, synthetic resin or metal which keys 
on to a prepared foundation. 
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Manufacture of Duralumin Blades 

Only duralumin blades are at 1,^ 

present being produced in quantity. j ; ' .j 

The description hereafter refers only (,ecum,t " I i 

to that type. '' f | 

The blade is prepared in the form j | _ (p 

of a billet, which is then rolled, drop 

forged and up-ended into a form closely )\ ^‘ . 'y: . T- ^ 

resembling the finished blade. The ) h. f/pv—•.■■■j 

whole of these operations are planned \ ■ ' 

to produce an undistorted grain-flow 

ydthin the material; and it is note- // [• 

worthy that the roller races, which / 4' 1 

in service take the centrifugal pull of / 'fT-r, BLADE BUSHING I | j 

. . , SPIDER DOWEL L THRUST 

the blades, are put m position over races 

, , 1 V -L 1 -U r -i. • CROSS-SEaiON BUDE & SPIDER 

the end oi the shank before it is 

, OE HAVILLAND CONTROLLABLE PITCH AIRSCREW 

up-ended. . ,, ^ 

The forging is supplied in the 
finally heat-treated and age-hardened 

condition to the blade-shaping shops, where it is shaped to a master on 
semi-automatic machines. Owing to the variations of width and thick¬ 
ness of the blade section, and to the release of surface stresses as the 
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outer skin is removed, some distortion of the blade shape invariably 
occurs, and to remove these errors it is necessary to finish-grind the 
blades by hand. 

This last operation, which is extremely critical and calls for a high 
degree of skill, is carried out with frequent checks of edge and face align¬ 
ment, section and helix angle by means of templates. 

A hollow shank, weight for weight, being stronger than a solid shank, 
advantage is taken to provide a tapered bore which is used to effect the 
balance of the airscrew and to accommodate in suitable bearings the 
arm of the spider through which the driving torque is transmitted to the 
blade. 


To provide replaceable and adjustable bearings for the spider arm, 
the blade end is fitted with a steel or alloy bushing (3) which is pressed 
and shrunk into position and secured by screws (4) and dowels (5). 

The flange of the bushing, which is provided with thirty-six half 
holes equally spaced, is surrounded by a flange formed in the counter¬ 
weight bracket which has forty half-holes equally spaced, and four small 
pins or plugs (6) are inserted, a light tap-fit into the complete holes thus 
formed, 90 degrees apart, between bushing and bracket flanges to lock 
them together. 


Provision for Weight and Balance Adjustments 

The blind end of the blade bore provides accommodation for lead 
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Fig. 12. —CheceUnG torque loading. 


^v’ool required to adjust major differences in weight and balance. 
Lower down, the adjustable blade plug (8) is fitted which carries a number 
of washers on a central stud and is designed as a means to effect minor 
adjustments to balance. 

The Roller Race 

Externally at the root a radius is formed against which the inner 
member of the roller race abuts. Great importance is attached to the 
fit of this component since, in flight, it is called upon to carry a very 
considerable live load—^the centri&gal pull of the blade in an average¬ 
sized airscrew often exceeding 30 tons. 

The roller race which carries this load comprises an inner and outer 
race with a phosphor bronze cage (2) containing a double row of rollers 
sandwiched between them. The cage requires to be split across a dia¬ 
meter to permit assembly and the arrangement of rollers adopted is 
designed to secure a uniform distribution of load and to reduce skidding 
of the rollers as much as possible. 

The Barrel and its Function 

The barrel is a two- or three-way forging—depending upon the number 
of blades in the airscrew—^which is made in front and rear halves and 
bolted together, the joint being in the plane of rotation. 

The principal function of the barrel is to absorb the centrifugal pull 





Fig. 13. —Checking blade angles on shbface table. 

of the blades -^hen rotating and, being fully floating, it is free to adapt 
itself to any small inequalities of adjustment. The front half is cut 
awav to cle^ the cylinder and the counterweights ; whilst the rear half 
is bored a fit to the barrel chafing-ring surrounding the spider. _ 

Internally a good deal of machining is done in order to Mghten the 
assembly and to giye a better stress distribution in the material; whilst 
the bolts (12) which secure the two halves are made hoUow up to a point 
just below the commencement of the thread. This bore is used for small 
adjustments to balance, which are effected by tapping lead-wool into the 
bolt, and at the same time it reduces the cross-section to that through 
the ’threaded portion, thereby avoiding concentration of stress and 
removing any possibility of failure from this cause. 

The Shimplate cind Why it is Necessary 

The shimplate is inserted between the end of the blade and the spider 
on which it is located by the spigot, referred to in a previous paragraph. 
It is of hardened and tempered steel, carefully ground to a flat surface 
on both sides. It is doweUed to the spider to prevent rotation, but 
since it fits the barrel tightly at its periphery it ^ provided with clearance 
at the dowel (20) and spigot in order not to bind the assembly. La,ter 
types are fitted with a rubbing strip secured to the edge of the shim- 
plate with Formica cement. 
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Fig. 16. —CHECKiNa blade akgle. 


Although simple in shape and design, the shimplate is an important 
item in the assembR, since it provides a means of adjusting the torque 
loading of the blades, acts as buffer between the blade bushing and the 
spider and absorbs much of the wear which otherwise would occur on 
these expensive components. 

Spigoted to the spider and a tight fit on the outer diameter in the 
bore of the barrel, it keeps the spider arm permanently centred in the 
barrel apertm'e and so prevents damage to the blade shank from contact 
with the hp of the barrel. 

FinaUy, it serves to retain the index pins w^hich key the blade to the 
eouiitertveight bracket and prevents the displacement of this last com¬ 
ponent at the root of the blade. 

The most important of these functions is to adjust the blades within 
the barrel to give a torque loading in the static condition which wiU be 
indicative of freedom to move and change pitch when the airscrew is 
rotating. 

This torque loading is necessary since the very considerable centrifugal 
puli of the blades, previously referred to, is taken by the barrel through 
the roller races at the roots of the blades and its effect is so to stretch this 
component as to give rise to undesirable slackness of the blades when the 
airscrew is rotating unless they are pre-loaded in course of assembly. 
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The manufacturing tolerances on spider, barrel and blade roots may 
cumulate to relatively large amounts, and it is required, therefore, to 
assemble each airscrew with shimplates of varying thicknesses in order 
to obtain this pre-loading which is measured in Ibs.-ft. by means of a 
dead weight or spring balance attached to a lever which is clamped to the 
blade near the root. 

Shitnplate Ranges 

The initial torque loadings for new airscrews vary up to 50-90 lb,-ft. 
for the larger sizes and to obtain these values a range of shimplates 
varying in thickness by 0*0005 in. is required. 

To facilitate this adjustment a new arrangement of shimplate is now 
in production, which consists of a much thinner plate built up to the 
requisite thiclmess by means of a pack of shims behind it, which being 
built up of laminae on the one side 0*001 in. (one thousandth) thick and 
0*0015 in. (one and a half thousandths) on the reverse can, by careful 
peeling, be adjusted by the half-thousandth’s stages required. 

After considerable running time it is usual to find that the torque 
loading has increased in value due to the blade bushings working back 
slightly in the bores of the blades. 

This process, however, is self-regulating, and it is not necessary to 
re-adjust the torque loading to its new value providing the blades are 
moveable in the hub and turn smoothly. 

The Counterweight Bracket 

The counterweight bracket is a lever through which the blades are 
turned from one position to the other, either by the counterweight 
bearing-shaft operating in the curved slot at its extremity, or by the 
centrifugal force of the counterweight which is attached thereto. 

The Vernier Adjustment 

At its inner end it is recessed to fit snugly round the root of the blade, 
and is provided with forty^ half-holes w^hich match up with the thii’ty* 
six half-holes provided on the periphery of the blade bushing for the 
purpose of providing a variable basic angle setting for the blade. 

This arrangement permits a vernier adjustment of 1 degree being 
made to the initial setting of the blade. At the other end a screw with 
adjustable stop nuts is positioned in the slot of the counterweight to 
limit the travel of the comiterweight bearing-shaft in the slot. 

The first of these adjustments is knowm as the basic setting and its 
value in degrees will be found stamped on a lead plug provided in the 
counterweight for the purpose. 

The second is, in effect, the range through which the airscrew can be 
changed from high to low^ pitch and the values of this last adjustment 
must always be subtracted from the basic adjustment figure in order to 
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Fig. 17.—Db havilbaas^X) conteoixabite-pitch airscrew. 

Part section of 4,000 size controllable-pitch airscrew with constant speed control unit 
incorporated. Airscrew in high pitch position. 
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determine the actual angle of attack of the blade. On the largest t3rpes 
it is raeasured at a radius of 42 in. from the centre line of the airscrew 
and on the smaller types at a distance of 30 in. from the centre line. 

Using the Vernier Adjustment 

The basic setting will also be found stamped in degrees on the blade 
bushing and on the counterweight bracket-flange opposite the half¬ 
holes which, when brought to coincide and secured by the insertion of 
an index pin, mU give the basic setting indicated at the appropriate 
station with the high pitch stop in the counterweight at zero. 

To procure uniformity of position for these markings, that half-hole 
on the bracket, which is cut by a line prolonging the straight edge against 
which the counterweight locates on the bracket, is used as a point of 
origin from which to locate the half-hole, which is stamped with the 
basic setting number. 

The scale of degrees marked on the counterweight will be seen to 
stretch out somewhat on the low-pitch side, but for the purposes of 
adjustment it can be assumed that a quarter turn of the adjusting nut 
corresponds to three minutes of pitch angle on the blade—or five complete 
turns to 1 degree. 

Similarly, 1 degree change of pitch will usually effect a change m 
airscrew r.p.m. on the ground of from per cent, in the case of super¬ 
charged engines, to about per cent, for engines with normal aspiration. 
In the air, both types wiU vary their r.p.m. by about 4 per cent, for 1 
degree change of pitch. 

These figures are merely a basis for trial and error adjustments. 
When used with engines employing a reduction gear, they should be 
multiplied by the reciprocal of the gear ratio in order to arrive at the 
corresponding crankshaft or revolution indicator r.p.m. 

The care and maintenance of the variable-pitch airscrew is dealt 
with in Volume III. 

CONSTANT-SPEED AIRSCREW 

Whilst the variable-pitch airscrew is a great advance on the fixed- 
pitch type, it is yet in a position analogous to that of a car having only 
one alternative gear, which, therefore, would have to be of a ratio to 
enable the car to climb a maximum specified gradient. Such a car would 
climb aU lesser gradients, but would he extremely wasteful of both time 
and engine power and the engine would require to be throttled to avoid 
excessive r.p.m. 

The Perfect Solution 

The perfect solution of this problem is, of course, the infinitely variable 
gearbox, which adjusts the load as required to maintain a constant speed 
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Part sectional controllable-pitch airscrew in low pitch. See also Fig. 17. 
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Fig. 19. - DE HAVILXiAND CONTEOLEABEE-PITCH AIKSCEEW. 

Sectional constant speed unit. The screwed plug in the base plate can bo plneed in alternative positions for either direction 
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Fig* 20. —Diagbamhatic assembly or constant speed unit. 

at the engine crankshaft with a fixed throttle opening, but in standard 
car practice it is only possible to approximate these conditions, and it is 
usual to fit a gearbox giving a choice of three or four ratios. 

A Close Approximation 

The constant speed device, however, used in conjunction with the 
variable-pitch airscrew approaches very close to this ideal, and, in effect, 
it governs the speed and power of the engine within very narrow limits 
over a very wide variation of load—^in other terms, in all reasonable 
positions of the aeroplane in flight—^without assistance from the pilot. 

Over-riding controls are provided to enable the pilot to obtain 
maximum permissible revolutions for take-off if required or they can be 
set or altered as readily as the throttle to give a predetermined engine 
r.p.m. w^hich speed will then be maintained automatically by the governor 
in all but the most exceptional angles of take-off, eHmb, level flight and 
landing approach, with considerable economy of fuel and engine wear and 
rehef to the pilot. 


The Automatic Control Unit 

The control unit is simple and robust in design and consists of a small 
gear-type pump which is fed from the engine main oil-supply, and which 

12—2 
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delivers to the airscrew at a constant pressure—maintained by the con¬ 
ventional type of relief valve—of about 200 lb. to the square inch. 

A pair of fly weights, driven by gearing from the engine, actuate a small 
piston valve which admits and releases this oil to or from the cylinder, 
admitting it when the speed falls, and so reducing the pitch of the blades, 
and vice versa. 

The Pilot’s Control 

The pilot’s control is effected through a spring by means of which he 
can pre-load the piston valve to any value he chooses against a scale of 
engine revolutions. 

The governing action is initiated by the speed variation, but such is 
the sensitiveness of control that no variation can be detected in normal 
flight and hunting ” is almost completely damped out. 

The design and serviceability of the constant speed unit have been 
thoroughly tested, and such is its reliability that it is guaranteed to run 
without attention for five years, when it can be replaced equally con¬ 
veniently as a magneto. 

Provision has not, therefore, been made for the supply of spare parts, 
and aU time-expired or defective units should be returned for overhaul 
to the manufacturers’ works, where the necessary equipment for overhaul, 
adjustment and test is available. 

Detailed Description 

The unit comprises a gear-type oil pump and a governor which 
controls the flow of oil to and from the airscrew by means of a piston 
valve, all of which are contained in one casing. 

As normally fitted, the unit is bolted and jointed to a prepared face 
on the engine crankcase, in which are provided oil supply and drain 
passages, and is driven from any convenient member or assembly which 
is rotating in fixed ratio to the crankshaft. 

The drive is transmitted to the constant speed unit through a splined 
connection, and requires to turn in certain ratio to engine speed in order 
that the full governing characteristics of the unit may be obtained over 
the more important section of the speed range. 

Oil is fed to the unit under pressure from the engine oil system and 
passes into the geared pump, where the pressure is boosted up to about 
200 lbs. per square inch, at which point the relief valve lifts and permits 
the surplus oil to regain the inlet side of the pump. 

^ The governor is mounted upon an extension of the spindle which 
drives the pump, and comprises two L ’’-shaped flyweights which are 
pivoted at the angle, a metal cup containing the flyweights and rotatiag 
with the spindle, a piston valve which slides in the bore of the hollow 
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spindle, and a spring by me 
^vbicli the loading on the g< 
can be varied. ^ 

These parts in their corre< 
tion can be seen in the phot 
of a sectioned unit on page Vi 

The shaft, pump-driver ge 
and flyweights revolve as on 
whilst the piston valve, its ] 
spring and the plunger opi 
the loading spring are anchc 
the cover and have only a reci] 
ing motion. 

On the upper end of the 
valve is mounted a small radi 
race, whose centre remains stat 
and takes the thrust of the 1 
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Conversely, if the speed rises, the piston valve is lifted and the oil 
drain opened, when the balance weights of the airscrew can return the 
blades towards high pitch until decreasing revolutions return the piston 
valve to the neutral position and prevent further escape of oil from the 
cylinder. 

To alter the speed, therefore, it is only necessary to adjust the load 
on the r.p.m. spring, so displacing the piston valve, which will then admit 
a flow of oil to or from the airscrew-operating cylinder and permit the 
blades to move until the change in r.p.m. at the governor is sufficient to 
restore the piston valve to the neutral position. 

In flight there is continual movement of the governor and piston 
valve, since many factors affect the speed of the airscrew and tend to 
vary it, whilst only the momentum of the airscrew itself is opposing these 
influences; hence it is of paramount importance that the control unit 
should be susceptible to very small changes of r.p.m. in order to prevent 
surging or hunting ” in the installation. 

In the more orthodox piston valve and servo motor design a good 
deal of hesitation occurs where it is desired to make the movement 
proportional to the actuating load and initially the load is small, because 
the valve working with a small clearance tends to stick, and requires 
additional pressure to shear the oil film before it can move. 

Immediately the resistance of the oil film has broken down, however, 
the accumulated force produces a relatively large movement of the 
valve which over-corrects the error and induces a similar phase in the 
opposite direction, resulting in a surging in the controlled motions which 

be proportionate to the inertia or stickiness ” of the valve. 

This hunting ” is quite inadmissible in a constant speed control, 
and is avoided by restraining the piston valve from rotation in the bore 
of the driving shaft, which turns at high speed. 

The oil film between the piston valve and its cylinder is thus always 
in shear, and the slightest alteration to the axial loading of the valve 
produces an instant and proportional movement of the valve itself, so 
effecting a control of great sensitivity which is, for all practical purposes, 
dead-beat. 

The cup surrounding the flyweights, which is cut away in the part- 
sectioned illustration to disclose the interior arrangements, is added to 
prevent contact between the flyweights and the casing, should the engine 
for any reason greatly exceed its maximum permissible r.p.m. 

In effect, the cup by arresting the outward swing of the flyweights 
determines the upper limit of the r.p.m. range through which the unit 
controls the,engine speed. 

In addition, it acts as an oil centrifuge, and any oil gaining access 
to the cup rotates with it and is quickly discharged at the edge by 
centrifugal force. 

By this means oil is prevented from interfering with the action of 
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Fig. 22.— CoMPABisoN of power available m level flight 

WITH FIXED-PITCH, TWO-PITCH AISTD CONSTANT SPEED 
AIRSCREWS AT CRIHSING PRESSURES. 

The curves relate to an engine of 750 b.h.p. at 10,000 and 
1,667 r.p.m. airscrew speed; and aeroplane with a speed of 
250 m.p.h. at 10,000 ft.; and three-bladed airscrews of 10 ft. 
diameter. The cruising limits of engine operation are 563 b.h.p. 
and 1,513 r.p.m. 


the governor, even 
should it appear in 
quantity in the cas¬ 
ing, and it enables 
the constant speed 
unit to be fitted in 
any position which 
may be convenient 
from the installa¬ 
tion or the engine 
manufacturers’ 
point of view. 

The operation of 
the unit will be clear 
from the diagrams 
shovdng the condi¬ 
tions of '' under-speed,” over-speed ” and on-speed,” in which 
respectively oil is being forced into the airscrew to reduce the pitch 
and increase the revolutions ; in the second case it is being released 
from the cylinder to drain, enabling the airscrew counterweights to 
increase the pitch of the blades so decreasing the revolutions, whilst in 
the third case the airscrew is on-speed and the port is closed. 

In this last condition the counterweights are holding the blades 
hard up to the oil imprisoned in the cylinder, and no farther movement 
can occur, meanwhile the whole volume of oil delivered by the pump is 
circulating through the relief valve. 

It will be apparent that Httle oil is required by the unit in normal 
operation, as the movements of the cylinder, though continuous, are 
small in amplitude. 

In order to secure a quick response to the governor control, however, 
the geared pump has been given a capacity of 2| gallons per minute at a 
speed of 1,750 r.p.m., which is ample to operate airscrews much larger 
than any in production at the present time. 

The ratio of the drive between crankshaft and constant speed unit 
is determined by the rated speeds of the engine in relation to the 
characteristics of the unit, and exercises control over a range of 2,800- 
1,200 r.p.m. of the governor spindle. 

For most installations it is recommended that at the maximum rated 
speed of the engine in level flight the constant speed unit should be 
geared up to a speed of 2,520 r.p.m., which is 10 per cent, less than the 
upper effective hmit of 2,800, but this rule is varied for special military 
applications, such as dive bombers, etc., where the operational require¬ 
ments are abnormal. 

Whilst the constant speed unit is proportioned to operate the largest 
size airscrew, it only weighs about 4 lbs., and the saving of weight which 
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miglit be elBEected by introducing alternative sizes with reduced outputs 
for smaller airscrews is completely outweighed by the advantages of 
maintaining 100 per cent, interchangeability ; and only one size therefore 
is manufactured. 

Operation 

The effect of the governor in maintaining a constant r.p.m. completely 
destroys the value of the r.p.m. indicator as an index of the mixture 
strength or the power being taken from the engine, since any such altera¬ 
tions are accompanied by a change of pitch, but no change in r.p.m. occurs. 

It is desirable, therefore, to provide for automatic mixture control 
in the carburetter, and a boost gauge ” to measure the pressure in the 
induction chamber which is a reliable indication of the power the engine 
is developing. 

With such a system the pilot only requires to adjust his throttle 
occasionally whilst gaining or losing height to maintain a constant 
manifold pressure in order to keep engine and airscrew working at 
maximum efficiency. 

Advantages of Constant Speed Operation 

The advantages conferred by the constant speed device are most 
apparent in the case of high performance aircraft fitted with super¬ 
charged engmes, as almost invariably reduction gears are employed, 
and a very considerable change of blade angle is necessary to meet the 
requirements of take-off ” and level flight. 

These advantages are illustrated in the graph shown at Eig. 22, 
where the horse-power available as useful thrust is shown for a fixed- 
pitch airscrew, a controUable-pitch airscrew and a constant speed airscrew 
under similar conditions of flight. 

The lowest of the three curves shows the thrust horse-power available 
with a fixed-pitch airscrew designed to give cruising r.p.m. at 17,000 ft. 
with full throttle in level flight. From this curve it will be seen that 
only slightly more than 350 effective horse-power is available at sea level, 
and that the ma xim um cruising power is not attained until the altitude 
of 17,000 ft. is reached. 

The intermediate curve shows the effective horse-power available 
with a fixed-pitch airscrew designed to give cruising r.p.m. at 10,000 ft. 
with cruising manifold pressure in level flight. It will be seen that 
considerably more power is available at sea level than in the case of the 
airscrew designed for 17,000 ft., and therefore it would be less hazardous 
to take-off with a fixed-pitch airscrew than in the previous case. A 
two-position controUahle airscrew, however, with the high pitch adjusted 
to 10,000 ft. and the low pitch set for take-off and climb, would give a 
much better performance from sea level up to 10,000 ft., although it 
would have no advantage over the fixed-pitch airscrew above 10,000 ft. 
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The third curve indicates the effective horse-power available with a 
constant speed airscrew installed on the same aircraft and engine. With 
tliis airscrew permissible cruising power can be used throughout 

the chmb to 17,000 ft., whilst 18-6 per cent, more power is available at 
sea level than with the airscrew designed for maximum cruising power 
at 10 000 ft., and about 35 per cent, more than is available with a fixed- 
pitch airscrew designed for maximum cruising power at 17,000 ft. Th^e 
figures are also true for a two-pitch controllable airscrew set for like 
conditions and climbed in high pitch. 

It is apparent that at the critical engine altitude for cruising power— 
that is 17,000 ft.—the constant speed airscrew cannot make available 
more power than the high-pitch setting of the two-pitch controllable 
airscrew set for that altitude, but compared with a fixed-pitch airscrew 
or a two-pitch airscrew set for 10,000 ft. there is a gain of about 25 per 
cent, of power under these conditions. 

The fuU ground rated power of the engine may be used for take-off 
bv adjusting the throttle to give the maximum permissible manifold 
pressure and adjusting the constant speed control to give the maximum 
permissible take-off r.p.m. The constant speed airscrew wiU maintain 
this r.p.m., notwithstanding the increase in forward speed of the aeroplane 
from rest until it becomes air-borne, hence fuU power is used throughout 
take-off run and into chmb. During chmb the fuU rated power of the 
engine is available at ah flying speeds and aU altitudes by the independent 
control of the throttle (boost) and the r.p.m. (constant speed control), 
and vdth supercharged engines there is a marked increase in the rate of 
chmb as compared with a fixed-pitch airscrew or a two-position con- 
troUable. At altitude power is reduced to the cruising value by adjusting 
the throttle to provide the specified manifold pressure for this condition 
and adjusting the constant speed control to provide the corresponding 
r.p.m. Cruising speed and top speed are considerably improved, both 
above and below critical altitude for cruising, as compared with per¬ 
formance when using a fixed-pitch or two-position controUable airscrew, 
but at critical altitude the constant speed airscrew must necessarily 
give the same performance as the fixed-pitch or two-position airscrew 
adjusted for that altitude. 

In military aeroplanes the constant speed airscrew is particularly valu¬ 
able, since it makes available fuU engine power in aU attitudes of the aero¬ 
plane in manoeuvring or carrying out military exercises and obviates the 
harmful effects on the engine of over- and under-speeding. In formation 
flying the speed of the aeroplane is controUed as usual by the throttle, but 
this, whilst effecting a change of power, is not accompanied by a change 
of r.p.m., and aU evolutions which are carried out in formation can be 
performed without further attention to the constant speed controls. 

In multi-engined aeroplanes the need for synchronisation of the engine 
arises urgently because of a disturbing reverberation which occurs when 
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the engines are out of phase. With constant speed airscrews this presents 
no difficulty as the adjustment and speed control characteristics are of 
such an order that it is possible to obtain and maintain almost perfect 
synchronism. Equally, such airscrews are not liable to be thrown out 
of synchronism by turbulence of the air or the operation of flying controls, 
and when once synchronised the engines can be adjusted for power 
without being thrown out of step. 

Considering again the analogy of the motor vehicle, the foregoing 
description might well illustrate the case of three similar cars operating 
over the same gradients—the first without gearbox would have to be 
abnormally high powered to negotiate hills, and on the level it would 
require to be throttled down to prevent over-speeding. It would be 
wasteful of fuel on this account, and the throttle would constantly require 
the driver’s attention. This is the case of the fixed-pitch airscrew. The 
second car, having only one alternative gear, could be provided with 
engine power to give maximum economy on the level only. In this 
case the low gear would enable it to negotiate a specified gradient, and 
only in surmounting less gradients would the combination be wasteful of 
fuel and need the attention of the driver to control speed. 

This, in principle, is the two-pitch variable airscrew, but actually 
the parallel soon ceases to apply, for whilst the road vehicle would be 
uneconomical because of the variety of gradients it had to contend with, 
the aeroplane can choose its own lull and in practice is usually climbed 
at the most efficient angle or climbing speed. 

The variable-pitch airscrew is equally efficient in efimb and level 
flight, and if we substitute the idea of altitude and rate of climb for 
gradient, the two-pitch airscrew approximates more closely to the car 
with an infinitely variable gear. 

^ The third car, having the infinitely variable gear, would be fitted 
with the same engine as No. 2, but as the gear would be adjusted auto¬ 
matically to the ^adient (the load), the engine would continue to turn 
at the predetermined speed, and only the speed of the car over the 
road would vary. The engine would, therefore, be performing con¬ 
tinuously at high efficiency, using a minimum of fuel and requiring little 
or no attention from the driver, which summary applies exactly to the 
constant speed airscrew. 

As mentioned previously, aU de Havilland airscrews are inherently 
constant speed airscrews, and the foregoing advantages can be realised 
on any two-pitch installation, where provision can be made to mount 
and drive the constant speed unit. 



PRACTICAL CONSIDERATIONS IN 
AEROPLANE DESIGN 


By Charles B. Bakee 

A LARGE number of details must be considered in connection with the 
general maintenance of aeroplanes in service—particularly R.A.P, 
aeroplanes. In past years, and until recently, ease of maintenance has 
been much neglected in the design stage, all efforts being concentrated 
on performance in the air, leaving the ground side to look after itself. 
The reduction of personnel in R.A.F. units demands aeroplanes that are 
easy to keep in flying trim, and a study of modern requirements in this 
respect is well worth the while of those engaged in the design of aeroplanes. 
It is noteworthy that the Air Ministry is giving more attention to ease of 
maintenance and repair when reviewing new types that come up for 
acceptance trials. 

The items to be considered are many and varied. If an aeroplane is 
divided into its main sections and these sections are taken one at a time, 
it will be possible to sift the relevant items into chronological order. 
Matters comiected with rigging and truing up will be found in other 
sections. 

Slings 

A fuselage without wings, undercarriage or tail unit, but with or 
without the engine requires some means of sMnging from a crane or the 
ordinary liftmg tackle. When the top centre plane of a biplane is built 
as a fixture, the sling can be conveniently attached to the main members 
of this and be arranged to stow away in the thickness of the plane. If 
the top centre plane is detachable, and also carries the sling, then the 
fuselage cannot be hoisted until the centre plane is rigged. It therefore 
seems that a sling attached direct to points on the fuselage is the best 
arrangement; if the aeroplane is intended for work at sea the shng must 
be a permanent item of equipment and can be designed to pass through 
or round the top centre plane. It is important for this work at sea that 
the sling is easily accessible and able to be prepared for use with no 
danger of failure. It must be remembered that the actual hooking on 
when coming alongside a ship in a seaplane is done by a member of the 
crew, other than the pilot, so ways and means must be provided for the 
man to get from his normal station to the sling in safety without treading 
on the head or shoulders of the pilot or falling overboard. If he can 
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reach the sling stowage quickly and remain there sitting or standing with 
safety on the top centre plane, well and good, for in that position he is 
not likely to be blocking the pilot’s view. 

Aeroplanes not used for work at sea can have detachable slings. 
These should be plainly marked as to correct method of use and the 
attachment points on the fuselage should be clear of all secondary structure 
and easily accessible on removal of cowling panels. 

Trestling Points 

A matter closely allied to hoisting slings is the provision on the 
fuselage of definite trestling points. Too often are these omitted, with 
the result that fuselages are rested direct on the structure members and 
not always at the most suitable localities. The fuselage structure is 
invariably surrounded by fairing formers and such-like secondary material 
which is not easily detached and consequently is liable to become damaged 
when wedging-up on a trestle that does not fit. The feet of the trestle 
should preferably be out of the way of undercarriage attachment points 
so that it will not interfere with any work which may be necessary on them. 

The rear end of the fuselage should have its trestling point apart 
from the hand hfting points, to avoid misuse of both points. The location 
of the rear trestle needs to be fairly well forward in order to leave clear 
the whole of the tail unit. Work on tail skids or wheels, stern posts, 
trimming gear, etc., is much hampered by the close proximity of trestle 
legs. 

Handling 

The points provided at the rear end of the fuselage for handling pur¬ 
poses are, as a rule, most inadequate and of poor design. It is a simple 
enough matter to calculate the number of men that will be required to lift 
a given weight aUowing for personnel of average strength. When there 
are not enough hand grips provided, then other parts are gripped that 
will give any sort of hold, resulting in stresses being imposed on tail 
planes, stay struts, etc, for which they were not intended. The hand 
grip should not he so placed that when in use the lifter’s arms or body 
tend to purchase against the fuselage sides. Such pressure is liable to 
deform the fuselage fairing. If the hand grips can serve the dual purpose 
of lifting and holding down, so much the better. Leaning over the tail 
plane with the whole weight of the body while the engine is being run is 
not good treatment. 

Footsteps 

The proTOion of footsteps seems to be made in a most indiscriminate 
mamer. Very often it appears that when the aeroplane is finished the 
esigner as come along and said, “ Now where are we going to put our 
^ ps , Perhaps he has then decided where they ought to go but 
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foTHid innumerable difficulties in the way and in desperation has had to 
put them wherever they could be accommodated without upsetting the 
already finished structure. The result is that the crew have to fall back 
on some remote ancestral instincts to enable them to get aboard safely 
when encumbered with flying suits and parachutes. The first step from 
the ground has to take the greatest strain, so it should be made very 
strong and accommodating. Hand grips that come easy to hand are 
also worth providing, as they relieve other fragile parts from misuse. 
The size of footsteps or footholes is important, too, for the flying boot is 
considerably larger than the normal footwear. When footsteps take the 
form of footholes in the side of the fuselage the openings should be covered 
with spring flaps or canvas bags to keep out dust, sand, draughts, etc. 
As a rule it is necessary to have steps only on one side, though for specific 
purposes they may be required on both sides. 

Ballast Weights 

Ballast weights are essentially a fuselage problem. The question of 
their stowage is quite a simple one, yet so often is it badly understood. 
The modern requirement is that besides a mounting for them in the 
live ’’ state there must also be a stowage to enable them to be carried 
“ dead.” 

<^Live” and ‘‘Dead” Stowage 

The “ dead ” stowage must obviously be somewhere close to the C.G. 
of the aeroplane. The five ” mounting is usually fairly well aft m the 
fuselage. Both stowages should be arranged so that weights can be 
shipped and unshipped singly. 

Many stowages in the past and even to-day require the weights to be 
attached in batches of six. Now one weight weighs roughly 17 lbs., 
so that the fitting of a set is hardly a single-handed job. When the 
stowage is beneath the fuselage it is almost impossible to get a batch 
of weights in position. This results in the weights being left behind or 
tied up somewhere in the back cockpit. If designers want their aeroplanes 
to fly in correct trim on aU occasions, they must make the stowage of 
ballast weights a convenient task. 

Inspection Panels 

Inspection panels are necessary in all covered structures, and in many 
respects the more of these there are the better, provided they fit well. 
With a rigidly braced fuselage, it is not essential to have access to all 
parts, but it is convenient to have an easily opened portion wherever 
there are moving parts located, such as controls, trimming gear, tail shock 
absorbers, etc. 

Light metal or fabric-covered panels fastened with turnbuttons 
answer very well. Such panels should be dustproof and in the case of 
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seaplanes, sprayproof. The best way of preventing corrosion by sea¬ 
water is to keep the water out. Zip type panels are good when new, but 
are liable to get clogged with dope or otherwise damaged ; it is not easy 
to get a well-shaped opening with this type of fastener. Cowhng panels 
are dealt with in the section on Engine Installation. 

Pilot^s Comfort 

A point that is often overlooked in the design of fittings and com¬ 
ponents for the pilot’s cockpit is that of allowing plenty of clearance for 
the pilot’s hands. Pilots do not always wear gloves and they wiU soon 
become irritated with any mechanism that carves little bits off their 
knuckles and fingers. Let the designer get into the pilot’s seat and note 
the improvements that could be made by perhaps fitting a clip the other 
way round so that the bolt is out of the way. 

Eittings and projecting brackets should have smooth rounded edges 
instead of sharp corners. The locahties chiefly affected are those in the 
neighbourhood of throttle levers, trimming handwheels, hand fuel 
pumps, primer pumps, bomb fusing levers, etc., in fact, any region where 
there is a hand-operated control. 

ENGINE AND ACCESSORY INSTALLATIONS 

In this section reference to matters solely concerning the engine will 
be limited to those met with in the course of general daily maintenance, 
more particularly those items which are as much the concern of the 
aeroplane builder as of the engine manufacturers. 

Ring Cowling 

Now that we are using N.A.G.A. cowhng and Townend rings more 
generally, the matter of accessibihty of the radial engine becomes increas¬ 
ingly difficult but very important. 

Cowlings are invariably set as close to the cyhnders as possible so 
that valve tappets and overhead plugs are at once rendered absolutely 
inaccessible. To get at these, it is necessary to remove the cowl ring. 
Now a deep or long ring usually weighs quite a lot and is very unwieldy, 
reepiring two men at least and sometimes more to set it in position. 
This is the case when the cowhng is in two pieces, joined together on a 
fore and aft line. 

A Suggestion for Designers 

should smely be possible to make the ring in several sections 
although this whl increase the number of fastenings. Offset against this 
IS the added advantage of being able to remove only one portion for local 
adjustments to the engine. It m%y be argued that too many fastenings 
will reduce the value of the cowhng through interfering with the smooth 
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flow of air. Here is a chance for designers to exercise their ingenuity 
in producing a smooth flush fastener that is also of the quick release 
type. 

Straight Cowling 

The cowling for a liquid-cooled engine and the in-line air-cooled 
engine can be arranged as panels attached to a permanently fixed frame. 
Panels have of necessity to be of thin-gauge metal to keep down the 
w^eight, but at the sacrifice of rigidity. Large flat panels will pant unless 
stiffened up and will always suffer damage from being constantly handled. 

Panel Sizes 

It may be cheaper in the long run to use smallish panels over the 
nose portion where most vibration and handling takes place, whilst 
further aft in the region of tanks and centre fuselage, the large panels 
will be found to serve satisfactorily. 

Airscrews and Spinners 

Maintenance of airscrews has its points pecuhar to each type, though 
all types have the common need of periodical checking of track and the 
main hub bolt fixing. Wooden airscrews call for more frequent attention 
owing to the possibility of shrinkage of the material, unless attended to 
shrinkage at the boss can lead to serious trouble. If the boss is too 
tight a fit on the hub, the effect of hot weather can shrink the wood 
ST^ciently to crack it. This point should be remembered on aeroplanes 
that may be flying to warmer climates. 

A Word re Clearances 

Clearances that hold good for the British Isles will need checking 
in warm, dry countries. Hub bolts require similar attention in like 
circumstances. 

Metal Spinners 

Metal spinners on wooden airscrews require careful attention when 
they are of the type having a front and back plate clamped to the boss. 
In this case tightening up the hub bolts to take up shrinkage has the 
effect of squeezing the two spinner plates together. 

This unnatural pressure will distort the spinner body resulting in a 
tendency to crack the metal. 

How to Allow for Shrinkage 

Care should be taken to see that the original spinner dimensions are 
maintained by inserting a packing disc of three-ply, or other flat and 
not too soft material between the boss of the airscrew and the front or 
rear spinner plate before pulling up the bolts when shrinkage demands 
this. 
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Tracking of Airscrew Blades 

Airscrews with detachable spinners should have each component 
clearly marked for assembly purposes in order not to upset balance 
through the spinner being fitted half a turn out. A check must always 
be kept on the tracking of airscrew blades. An in. out at the tip should 
have no adverse effects, but a greater amount may cause unnecessary 
engine vibration, particularly with metal airscrews. 

Starting and Doping 

Now that the Hucks-Starter is becoming obsolete, it is essential that 
we should have good, foolproof starter systems for our engines. Aero¬ 
planes that are not large enough to w^arrant the carrying of battery and 
motor for electric starting must be content with hand turning gear of one 
kind or another. 

The Inertia Starter 

Whether it be an inertia starter to wind up or the direct drive to the 
engine, the handles should be so placed that the person whose unhappy 
lot it may be to turn them can do so with the least discomfort and un¬ 
natural body distortion. 

It is best if the operator stands on some part of the aeroplane rather 
than on the ground, but he requires some well-placed grip for his idle ” 
hand so that he can get a good purchase on the turning handle. The 
handle needs to be low in relation to the man’s body, allowing him to 
use his bodily weight. A good non-skid footing is also necessary. 

Two Starting Handles are Better than One 

Though one handle may be sufficient drive it is as well to provide 
additional accommodation for a second, for this will lighten the task in 
extremes of hot and cold climates. Starting handles placed in the 
interior of cockpits and cabins may gain in compactness and neatness, 
but may be a nuisance when the aeroplane is loaded up with fuU equip¬ 
ment and crew. The outside position for the handle with the man on 
the aeroplane, besides giving a good purchase, is satisfactory for use on 
seaplanes. 

Notes on Priming 

Engines invariably require priming before the initial start. Each 
type of starting system usually has its own peculiarities which have 
to be learnt and always dealt with in the same manner in order to be 
reasonably sure of a good start-up. 

The Starting Instruction Plate 

To help persoimel new to a type, it is worth while providing an 
instruction plate giving full details of the whole starting procedure. 
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In different kinds of weather—hot and cold—there is usually a variation 
in the amount of priming needed. Similarly, there is different priming 
procedure for hot and cold engines. All this should be detailed on the 
instruction plate. 

Priming Pipes—A Recommendation 

In many types the pipe from the priming pump to the engine con¬ 
nection is made of copper and, as a rule, is of small diameter. Such 
pipes break sooner or later. The result is not damaging to a large degree, 
but it does mean that the induction system acquires an air leak which 
it was not intended to have ; and there is the inconvenience later on when 
a start-up is attempted with the priming charge being shot anywhere 
but into the right quarter. Priming pipes should certainly have a 
flexible length at the engine end. 

After the Overhaul 

In connection with the first start after overhaul, when the pistons 
have been removed and refitted, it should be appreciated that the normal 
procedure is most unlikely to answer at all satisfactorily. Special 
measures must be adopted in view of the possibility of dry cylinders and 
leakage past piston rings that may not be a perfect fit. 

If this is the case the cyhnders will charge up with an excessive amount 
of air on the induction stroke and will be weak on compression. Priming, 
especially overpriming, wiU tend to make matters worse through the 
hquid fuel washing away what little oil seal there may be on the cylinder 
walls. 

To Facilitate Starting 

Undoubtedly the best procedure is to remove a sparking plug from 
each cylinder and give the cylinders a good priming of oil with a spray 
syringe. After a few turns of the shaft to distribute the oil over the 
cylmder walls and pistons, the engine should then be primed in the usual 
manner for the type. 

Radiators and Condensers 

When liquid-cooled engines are used, there are some points about the 
radiator or steam condensers which are worth considering. Radiators 
and condensers are very heavy components and in service it is likely 
that they wiU have to be handled quite a lot. How often does one see 
one of these that can be lifted about without fear of its being damaged ? 

A Suggestion 

It should surely be possible to incorporate in the design some hand¬ 
hold for those that will have to hft it about. Probably more damage is 

A.E.—^VOL. I. 
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done to radiators during handling and transport than throughout their 
life on the aeroplane. 

The attachment of radiator or condensers to the aeroplane needs to 
be simple and straightforward with hose connections that are easily 
accessible. When there is a hose joint tucked aAvay in some corner, 
sooner or later there is going to be trouble through bad fitting or through 
failure to renew when unserviceable. The simpler the design the better 
chance they have of being properly maintained. Condensers that are to 
be carried attached to the surface of the top plane could do with some 
careful study. 

The facilities and conditions of the average flying unit are far removed 
from those existing in the manufacturer’s shops and when a heavy com¬ 
ponent like a surface condenser has to be removed or fitted to a top plane, 
it is a case of all hands on deck.” If the condenser is made Avith con¬ 
venient points for handling and is placed where it can be approached 
from a step ladder, then it stands a chance of being moved about without 
damage to itself or to other parts of the aeroplane. 

Condensers and radiators should have the test j)rcssure noted on an 
instruction plate affixed to the component. 

Water Tanks 

Water header tanks are always placed high up on the aeroplane, yet 
the designer often overlooks the provision of some means of getting 
there. If the aeroplane is away from its base a step ladder is not always 
available and if it is a seaplane on the water a ladder is useless whether 
available or not. Therefore footsteps are required on the aeroplane and 
preferably giving a direct route so that water cans can be handed up and 
down without being rested en route on main planes and cowling panels. 

Tank Vents must be Rustproof 

Water tank inlet and outlet vents sometimes take the form of spring- 
loaded valves. The moving parts of these valves should be made of 
non-corrodible materials to ensure freedom from sticking. A seized-up 
inlet can be the cause of broken seams or even tank collapse when con¬ 
traction sets in on cooling. 

Engine Controls 

Throttle and ignition controls are almost universally of the push- 
pull rod type. On large aeroplanes the distance of this transmission may 
mvolve the use of several layshafts with .consequent pin joint attach¬ 
ment of the push rods. Unless well designed, wear wiU quickly occur on 
pms and fork ends, resulting in lag and backlash in the system. 

On tvnn- or multi-engined types this will mean that the throttles will 
. synchronisation. Large bearing areas should be provided on 
a pm ]omts, and sufficient metal on plug ends to permit reaming out 
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and fitting oversize pins. Such provision in the first place will save the 
operator time and money subsequently on replacements. 

Fuel Tanks 

So many considerations have to be taken into account in the design 
and positioning of fuel tanks, that it is hardly possible to achieve the 
perfect installation. However, not the least important considerations 
are those of maintenance and service, the demands of which could bear 
a little closer study. 

Small structures have to carry the fuel supply split up amongst two 
or three tanks owing to restricted room. There are advantages in this 
in that the tanks are small and easily handled or replaced, and replace¬ 
ments are comparatively cheap. On the other hand, they need more 
piping and mounting fittings. Large single fuel tanks are simpler to 
mount and manufacture, but can be awkward things to handle when 
replacement is necessary. 

Tanks are fragile things and will not bear rough handling, therefore 
the moving of them into and out of their mountings should be made as 
easy a task as possible. Large tanks especially should be so disposed 
that they will pass through the bottom of the fuselage. Handling a tank 
in or out sideways invites damage unless it be a small tank that is easily 
manoeuvred. Large tanks should also be provided with something by 
which they can be gripped so that aU the work has not to be done from 
underneath where visibility is poor. 

Tanks can be made to retain their slings or harness, this being fitted 
prior to placing the tank in the aeroplane. The straps of the cradle can 
then be used as lifting points. 

Quick release pins are preferable to bolts for securing the cradle or 
sling to the actual mounting. 

Wing tanks, placed high up, must have hand grips of some kind 
otherwise they are sure to be dropped. It is important, too, that the 
crew have ready access to the filler caps of wing tanks. 

Refuelling Connections 

Refuelling cannot always be done by Bowser pipe so it must be remem¬ 
bered that a funnel and can may be used and accommodation provided 
for these in the region of fiUer necks. On large aeroplanes it would be 
convenient to have a refue llin g connection below the fuselage with a 
semi-rotary hand pump to do the work. 

Drain Pipes and Cocks 

Drain pipes should be fitted to all tanks, the pipes to have their 
individual cocks and to discharge to a point outside the aeroplane. The 
size of vent pipes is important especially in a system comprised of several 
interconnected tanks. 


13—2 
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A Point to Watch when Refuelling 

Such a system probably has one filling neck and possibly one small 
vent pipe. When refuelled with the modern electric Bowser the fuel 
goes in quicker than the air can get out, resulting in air pockets being 
formed in some more distant part of the tank system. This trapped air 
may not have time to escape before the filler neck is overflowing ^ind 
one can be misled into thinking that the tank is filled up. Unless the 
fuel is checked again before flight, there might be serious consequences. 

Up to recent times filling was always done by can and this vent 
problem did not arise. Tank filler caps should always be marked with the 
capacity of the tank or of the system if one neck serves the lot. 

Fuel Gauges and Filters 

Fuel gauges are still far from being perfect, but they are essential 
fitments, and should register when the aeroplane is at rest as well as 
'when it is flying. Fuel filters must be in easily accessible positions 
otherwise they are liable to be neglected. Preferably they should be 
where they can be reached by a man standing on the ground and be 
close to an inspection door or cover which is suitably labelled. They 
should be so placed in relation to the shut-off cock that an appreciable 
amount of fuel is not wasted every time that the filter is opened up. 

Instrument Panel 

Modern flying instruments are fairly reliable mechanisms, but at some 
time or other they have got to come out, if not for replacement, then for 
calibration, so when designing the position and layout of the instrument 
panel, this point should he remembered. So often do we find the securing 
screws buried far beneath a maze of pipes and leads which themselves are 
crowding in behind structural components. Panels cannot always be large 
owing to limitation of space and dials are necessarily crowded owing to 
multiplication of instruments, hut it should be possible to leave a little 
elbow room behind the panel where all connections have to be made. 
Magneto switches and airspeed indicators particularly need to be accessible; 
the corners of the hoard can he used for the less used items such as heating 
switches, compass card, instruction plates, etc. The compass position is 
usually specified by the customer, but the designer can arrange that it is 
not so crowded that the correcting magnets cannot be easily inserted. 

Instruments with pipe connections should have adequate spanner 
clearance around the coupling nut. It should be realised, too, that 
someone vdll have to get at such nuts to lock them wdth a piece of wire. 

General Items MAIN AND TAIL PLANES 

Tail planes can, as a rule, be handled with ease, but the larger com¬ 
ponents main planes—are unwieldy and require hand grips at the root 
and tip ends for use when assembling or moving about in stores. The 
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root fittings are usually sufficient at that end to give a hand-hold, but the 
tips should be provided with definite grips otherwise tip tubes will be 
damaged. Tip grips are useful for ground handling the aeroplane, and 
if a seaplane similar hand-holds do good service on the top plane when 
manceuvring alongside a ship. It must be borne in mind that planes, 
as units, are invariably rested on their leading edges, so this part must 
be able to stand any such loads wdthout crumbhng. 

Wallrways on planes get rough treatment and must be able to stand 
up to this if the contour is to be preserved. Where the contour is most 
likely to suffer is in that portion betw^een the leading edge and the front 
spar on the top surface of the plane. Pushing the aeroplane about on the 
ground accounts for a lot of deforming of the aerofoil shape, while washing 
down by non-technical labour can also have a bad effect. Small nose 
riblets become flattened, though it is not always noticed that this is 
happening, yet the pilot will feel the effects at slow speeds and in extreme 
cases wiU wonder why the aeroplane suddenly ''falls out of his hands.” 
To guard against this damage occurring to planes the top booms of rib- 
lets should be made stronger than is necessary for flight loads. 

Electric Wiring 

Electric wiring in planes does not deteriorate to any marked extent 
and can be confidently expected to serve without fault until such time as 
the fabric is stripped for recovering. Leads from the fuselage should 
connect with the plane weiring by means of terminal points in the plane 
root and should not be integral with the plane wiring terminating only 
in the fuselage. It is the exposed root portions that wdll need renewal 
first and this can be done economically and without trouble if the lengths 
are short. 

Corrosion 

Corrosion of the structure is not incidental if care is taken to keep 
the salt w-ater out when being used as seaplanes. Lower planes are 
more prone to being wetted than top planes, though the latter come in 
for their share of water in the vicinity of the slipstream. There are so 
many small openings in planes through which water wiU find its way, 
and once inside no amount of paint or anti-corrosive treatment wiU check 
its ravages, save perhaps petroleum jeUy. AU openings, therefore, should 
he properly sealed and the wing vented by a special vent system which 
can terminate in a guarded part of the fuselage. A wing that is so 
sealed wiU provide considerable buoyancy, so that the arrangement is 
worth considering for sea-going aeroplanes on wheels. 

Wing Folding 

The quick, easy folding of the main planes on aeroplanes in use on 
aircraft carriers is a most essential feature. Speed in deck handling is 
aU-important, for it is necessary to have the main planes folded by the 
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time the aeroplane has been wheeled on to the lift. Jury struts are 
inconvenient and apt to become a nuisance and a hindrance. Planes 
must dispense with these and yet fold back and stay folded without 
getting out of truth. Root locking pins should be arranged to withdraw 
by an operation performed from the deck or the cockpit to save unneces¬ 
sary climbing up on to the aeroplane. 

When the planes are in their folded state there must be room for 
the crew to get in and out easily and to load or unload their equipment. 
The folded wings should not cover up inspection points nor hamper 
refuelling operations. When below deck the aeroplanes are packed 
tightly and there is little chance of '^spreading ” wings to allow normal 
access to the fuselage and cockpits. It is convenient if the aeroplane, 
when folded, can be moved about on its front and tail wheels without 
fear of fouling the wing tips on the deck. 

Some means of locking the planes in their folded condition is necessary 
to prevent swinging, due to the movement of the ship. Also, it must be 
possible to affix bombs, etc., to the planes when they are folded with no 
danger of adverse effects while the wings are being spread. 

Tail Incidence Gear 

The fact that there are moving parts in the tail plane anchorage 
calls for careful design of the joints in question to obviate any tendency 
towards sloppiness. It is not a good thing to have tightly fitting bolts 
as this would make the operation of the trimming gear too stiff. Large 
aeroplanes get round it by having fixed tail planes and elevators that can 
he trimmed by means of servo controls, but many smaller craft continue 
to use the movable type of tail plane. It is important to have good inspec¬ 
tion and lubrication facilities at aff relevant points and the actual tail 
jack mechanism should be readily accessible for cleaning purposes. The 
worm gear is necessarily a good working fit which means that a few grains 
of fine sand will soon produce a first-class seizure. Where there is sand 
about, grease will certainly collect it, so it is preferable to keep exposed 
parts dry, occasionally lubricating with some fine oil. If possible a 
special cover should be provided for the jack, as this allows grease to be 
used without fear of it being transformed into a grinding paste. The 
hinge points of the tail plane could conveniently be made extra large 
in bearing areas as well as in the surrounding material. Large bearing 
surfaces take longer to wear and when they do eventually, the extra 
metal provided around the holes will enable oversize pins to be fitted. 

, UNDERCARRIAGES 

Wheels 

aeroplane manufacturer has little say in the construction of 
mnding wheels, but he has to arrange the manner of their mounting on 
ms aeroplane. Wheels with plain bearing bushes get a lot of end play on 
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the axle through wear of the bush and the stop collars. With this type 
it would be well to have the bushes end-bearing on to floating collars, 
so that when the play becomes excessive, new collars could be fitted 
instead of the more expensive stop collars or end fittings. Oversize 
floating collars would naturally be required. Wheels that are fitted with 
Timken type races could, with advantage, have the instructions for 
adjusting stencilled on the wheel disc or brake drum. It is important, 
too. that the correct tyre air pressure is known for the particular type of 
aeroplane to which the wheel is fitted. The aeroplane maker decides 
this, so he should have it marked on the wheel disc or nearby component 
for the information of the ground engineer. 

AU wheels need a jacking point alongside. This should be a fitting 
specially designed for the job and it should not be left to the rigger to 
select any spot that looks convenient. If one wheel of large size is being 
jacked the other should be wedged at the axle. Omission of this pre¬ 
caution may result in the aeroplane rolling on the free tyre, causing the 
jack to slip. 

Oleo Legs 

Oleo type shock absorbers and dampers are fairly common fitments, 
but there is a lack of standardisation in their design. Each type has its 
own particular setting and maintenance features which are liable to be 
confusing to the man who may have to attend to several types. Pull 
instructions for fiUing and setting should be given on an instruction plate 
attached to the leg, then there can be no mistakes. Instructions should 
include the kind of oil to be used, method of filling, the correct air pressure, 
method of test, the valve setting for various loadings and all relevant 
information. Though variable settings are provided by many manu¬ 
facturers, it is often that full advantage is not taken of them through 
mere ignorance of their adjustment. It is a fact that different surfaced 
aerodromes require different oleo settings to get the best results. A 
hard ’’ setting that suits a soft sandy aerodrome can be responsible for 
buckled wheels on a hard or stony surface. Deck-landing aeroplanes can 
gauge their settings to a fine degree as they are landing always on a surface 
of uniform hardness, and by getting the oleos adjusted just right they 
can avoid trouble of many kinds. 

Float Chassis 

Aeroplanes designed for use as deck-landing aeroplanes convertible to 
seaplanes require above aU things the ability to be changed over from one 
to the other with the least possible delay. This will be an essential 
requirement in war-time. The nearest way to achieve this end is to 
arrange things so that the complete float chassis can be assembled apart 
from the aeroplane and then offered up as a whole to the fuselage when 
required. In this arrangement time is saved, as part of the crew can be 
preparing the floats while the others are detaching the land chassis. 
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Coupling up the float struts to the acropla-ue is simplified if the fittings 
to take them are already in place, and if the land undercarriage fittings 
and bolts can be used also for the sea chassis so much the better. 

Rigid bracing for the float undercarriage is preferable to wires; the 
latter not only have to be trued up and watched for stretching, but also 
suffer from corrosion troubles. Water rudders operated by cable are 
not perfect mechanisms, and require close attention to get the best 
possible results. Owing to the numbers of |)ulleys involved, the move¬ 
ment is stiff, and the cables invariably stretch and corrode. All moving 
parts must be kept free and well greased. Acropla-nes fitted with hydraulic 
or pneumatic brakes sometimes have their bralce systems adapted to 
operate the water rudders as an alternative. In the case of pneumatic 
operation the air system must be absolutely leakproof to conserve the 
air supply. Constant attention to details is essential. 

Floats themselves should be interchangeable, and it is an advantage 
if one float of a twin-float assembly can be changed without having to 
dismantle the whole undercarriage. Adequate mooring eyes and cleats 
are essential fitments and a stowage for a towing or mooring bridle in 
situ is an advantage. 

Float tops must be strong enough to bear being walked on and must 
have a non-slip surface ribbing. 

Footsteps must not be forgotten for the use of the crew getting into 
and out of the aeroplane. These can be built integral with struts to avoid 
separate fitting. 

Large inspection hatches are required in each compartment so tha1 
minor repairs to any part of the float can be made without having tc 
remove part of the skin. Any special maintenance treatment should b( 
stated on a permanently fixed label, such as instructions for correct anti 
corrosive precautions, draining points, etc. 


Tail Skids and Tail Wheels 

The tail skid nowadays needs little attention, its only trouble bein| 
that of wear. The shoe, therefore, should be of ample dimensions an< 
both easy and cheap to replace. Sometimes skids or their shock absorber 
break; it is well then to have an auxihary bumper under the fuselag 
to protect the sternpost in emergencies. 

Tail wheels work best when at their correct pressure. This shoul 
m stated somewhere on or near the wheel. Easy removal of the whee 
from the frame is advantageous for the purpose of puncture mending. 


CONTROLS 

The main flying controls of many aeroplanes continue to be designe 
to employ cables as a means of transmission. Cables certainly simpfii 
many matters and they are also comparatively light, but they can lea 
o many roubles unless proper precautions are taken both in the desig 
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stage and in subsequent service. Undoubtedly the best arrangement is 
that in which all cables have a direct unfettered run with bell cranks to 
transmit at the corners. If puUeys are used they need to be of large 
diameter and should rotate on ball bearings. Where the latter are 
employed they must have dust covers to keep the lubricant in and the 
dirt out. Inspection doors must be available at aU pulley positions 
where these occur in otherwise inaccessible places. 

Fairleads for cables are best made of fibre, so arranged that the fibre 
can be removed and spht to allow a made-up cable to be threaded through. 
Fibre fairleads are best left unlubricated, as in that condition they do not 
collect sand and grit which, with grease, forms a potent grinding paste. 

All components in the pilot’s control system should ride on ball 
bearings—this apphes also to push-puU rod joints. Where push rods 
have plain bearings they should be of large area and preferably of the 
detachable bush pattern. W^here joints have removable bushes they 
can be kept a good fit by renewal of the bushes when they w^ear. If 
the joint is of the plug-end-cum-bolt type it is an expensive matter to 
change such components besides being inconvenient and more often than 
not the joint is left sloppy. All baU races in the system require guarding 
against the ingress of sand and dirt. The guards also prevent the escape 
of the lubricant. 

Hinges of ailerons, elevators and rudders wear rapidly if the bearing 
areas of the pins are small. Whatever type of hinge is used it should 
preferably have a greasing nipple or other means of lubricating. This 
wiU ensure that the lubricant is forced weU into the bearing surfaces. 
It is most important that only non-freezing lubricant is used in the control 
system. 

Cable sizes should be stamped on a tag affixed to the cable eye, in 
much the same w^ay as the inspection stamp is carried. There is no 
reason why the size mark should not also be on the inspection tag. This 
precaution is to prevent wTong-sized cables being put in when a change 
is being made. The 5-cwt. difference between cables can easily be mis¬ 
leading even though a person may be handling them frequently. 

An undersized wire can lead to serious consequences when it stretches. 
The importance of the whole matter of slack or sloppy controls cannot 
be over-stressed wffien it is.realised that it is such conditions that encourage 
the phenomenon knowm as tail flutter or wing flutter. 

Experience shoves that with tight controls, Le., controls in which no 
backlash can be felt, tail or wing flutter is unlikely to occur ; but when 
there is movement possible in elevators or ailerons without there being a 
corresponding movement of the control column then at some position of 
the centre of pressure they will flap like a flag at a flagstaff. If allowed 
to persist this flapping will assume alarming proportions and will shake 
the control column even against the pilot’s hold thereon. At a certain 
stage of the flapping reversal occurs and the tail plane or wing begins to 
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rock. If they are stiff enough to resist the flutter or to check it the tail 
plane or main plane will stay put, but if they are weak or have sloppy 
attachments they might conceivably break. The incipient flapping of 
the elevators or ailerons can be stopped by an alteration in the centre 
of pressure, that is, by a return to normal flight. Mass balancing of 
controls may be a deterrent to flapping at certain speeds, but it is a known 
fact that controls have fluttered, even though mass balanced in correct 
fashion. 

The most practical method of guarding against flutter is—as stated 
previously—to keep the control system tight, and designs incorporating 
joints that will not wear too easily and cables strong enough to resist 
stretching provide a deterrent to trouble of a most serious kind. 


RIGGING 

In the days of wdngs that had a flat under surface the usual procedure 
when rigging was to place the straightedge under the wing and take a 
reading from an Abney level. Nowadays wings are becoming almost 
universally bi-convex, and this method of checking is impossible without 
packings against the spars or using straightedges specially shaped to 
suit the contour of the plane. It should be possible to rig and maintain 
aU types of aeroplanes with no special implements beyond the ordinary 
parallel straightedge and a straightforward spirit level. This could be 
done if the designer provided on his wings small fixed straightedge posts 
or rigging blocks so dimensioned that when a straightedge placed across 
them gave a level reading the plane would be at its correct incidence or 
dihedral, as the case might be. This to occur, of course, when the 
fuselage is in rigging position. Such rigging blocks need to be on the 
upper surface of planes in order that the straightedge can be rested on 
them. If placed below the plane the straightedge has to be held in 
position, which means an extra man on the job. Also, when under¬ 
neath, the spirit level can only be placed on the projecting end of the 
straightedge, whereas the proper place for it is in the centre. The same 
thing applies to tail planes. It is only necessary to find the normal 
position. Range of movement can be checked against the incidence 
indicator which will have been calibrated correctly in manufacture and 
cheeked on inspection by means of an Abney level. 

The fuselage leveUmg points should be similarly arranged and should 
he accessible, if possible, from inside the aeroplane. It should be simple 
enough to provide stubs from the main structure to carry a straightedge 
clear of all fittings and projections, 

Tor rigging or setting controls it would be convenient to have some 
L which the control column and rudder bar could 

be tixed ngi^y m their proper centraflsed positions. The locking means 
®tely detachable if desired, so as to prevent any possibility 
of their coming into use when not expected. 
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EQUIPMENT 

The placing of equipment in service aeroplanes is usually deculcd u pon 
hy specialists in the various subjects. However, their requirements (-an 
often be improved upon and supplemented if some thought is given 
to the subject by the designer. A few points only are given here, but, 
many more could be discovered if a thorough search were made of the 
aeroplane. 

There is not much latitude allowed the designer in the positioning ol 
the fixed machine guns, but he has full control of their detail mounting 
and the ammunition box arrangements. Guns need to be accessible 
both for adjustments in situ and for easy shipping and unshipping. The 
ammunition box especially requires to be mounted where it can be handled 
from outside the fuselage. There should be quick release fittings holding 
it in place so that an empty box can be replaced by a full one with the 
least possible delay. Boxes that have to be filled while still on their 
mountings are a nuisance generally and in times of emergency are a 
serious setback to rapid servicing. 

^^diere these are still employed the installation of bomb control wires 
could be improved by having in mind the fact that some day they will 
need renewing. Wires should not be buried more than necessary as 
their life will be longer if they can be properly inspected and looked after. 

Electrical bomb release systems are not referred to in these remarks, 
which apply only to the direct pull-ojff installations. Though electric; 
releases are now more in vogue, the fusing of the bombs is still somotirnes 
done by pull cables. 

Drinking water tanks have to be carried on desert flying aeroplanes 
and also some others, but on the former type the water is needed more 
often when on the ground than while flying. For this reason it is con¬ 
venient to have the tap located where it can be got at from outside vid an 
irispection door. It must be possible, also, to draw water from the inside 
of the aeroplane. To facilitate filhng, the tank must be portable and have 
a simple mounting attachment. It should be realised that while being 
replenished and installed, etc., the tank comes in for a good deal of knock¬ 
ing about, so it must be designed to withstand rough treatment. When 
unloading after the journey the tank will as likely as not be dropped over 
the side on to the ground along with the rest of the movable equipment. 

Stowages are provided for most things likely to be carried in the 
aeroplane, but there are usually a fair number of oddments that have to 
go in as best they can. As all loose articles must be tied down, it is not 
surprising to find the back cockpit choked with impedimenta. What is 
needed for the miscellaneous equipment is a big canvas bag or holdall 
which can be closed securely by zipp fastener or other means and then 
strapped in place to specially provided anchorage points. When not 
required the bag could be left behind. Such things as wheel jacks and 
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screw pickets all have to be carried, and often there is no special stowage 
provided, chiefly on account of their varying shapes and sizes. Screw 
pickets are unshapely articles to have loose about the cockpit floor. 

Stowage is provided for tools as a rule, but probably the extent of this 
is a box fixed to the floor well out of the way. Tools are needed on the 
ground, not when flying, and a stowage that can be got at from outside 
would be a welcome feature. A small compartment could be arranged in 
the wing root with advantage, where the carrying load would have little 
effect on trim. 

Now that aeroplanes have retracting undercarriages, it must be 
remembered that such mechanism needs testing out on the ground fairly 
frequently. 

Slinging points are definitely needed for all aeroplanes with this type 
of chassis, and it would be as well for the manufacturer to supply the 
sling, which can be of the detachable type, to be kept in the hangar. 

In connection with the hydrauHcaily-operated retracting under¬ 
carriages, it is essential that the correct method of bleeding the pipe hues 
is understood. To obtain proper working of the system all air must be 
excluded. After any portion of the line has been dismantled and refitted, 
the first duty is to bleed that particular circuit. Bleeding consists of 
pumping fluid through the lines and allowing it to flow through the 
special bleeding orifices provided at each operating unit. Any circuit 
that is in parallel with that under attention must also be bled at the same 
time, whether the line has been broken or not. The bleeding orifices are 
shut while a free flow of the fluid passes through them. As the hydraulic 
fl.uid may be of the kind which is a free paint solvent, it is important that 
the waste fluid is led away clear of the aeroplane structure. Special 
tools are usually provided for this operation. 



WIND-TUNNELS 

By WiKG-CoMMAKDEE Veeitok- Beowk, M.A., A.F.R.Ae.S. 

AMONGST the early pioneers of aviation many undoubtedly 
_l\ approached the problem from a scientific aspect. Nevertheless, the 
advance science had made in the study of aerodynamics in the pre¬ 
flight days was so limited that the subject was essentially a practical 
one in which the would-be designer could hope for little, if indeed any, 
help fi’om the scientist. Once flight had become an actual fact, however, 
the subject of aeronautics immediately assumed a new importance and 
began to receive greater attention. The old theorems enunciated by the 
mathematicians regarding the motion of bodies through air or water 
had rarely been capable of any clear proof and full-scale experiment was 
usually impracticable or dangerous. Most of the early enthusiasts could 
therefore progress only by a method of trial and error—^the error too often 
proving a fatal one. 

The Problems to be Solved 

What then are the main problems that must be solved ? Firstly, 
they deal with the forces which act on an aeroplane during its motion 
through the air and, secondly, with the structure of the aeroplane itself. 
It is with the first of these that we are now concerned. What in fact are 
these forces, in what manner do they act and what is their magnitude 
under given conditions ? How can one discover the relation of their 
reactions, not only to the kind of motion being considered, but also to 
the shape of the body to be designed ? Nowadays one is so accustomed 
to hear of vortices, of eddies or of the effects of strea mlinin g that the 
meaning of such terms are taken for granted, but in what manner can 
that meaning be readily demonstrated ? 

The answer to such questions lies in the use of the wind-tunnel. 

It is clear that mechanical diflBlculties must generally preclude the 
making of full-scale experiments to investigate the aerodynamical char¬ 
acteristics of a new design but one cannot imagine to-day the flight¬ 
testing of a new type of aeroplane of unknown features without some 
assurance regarding its probable behaviour. The experimental work will 
obviously be much simplified if it can be carried out on small models 
held stationary in a current of air instead of being moved at high speeds 
through the air. The use of such an apparatus as a wind-tunnel will 
render this possible if one pre-supposes that it does not in fact matter 
whether a model moves through still air or is so held in an artificially 
produced wind stream. So long as this wind stream is steady in velocity 
one may say that this is actually the case. The degree of precision, 
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Fig. l.-=— Flying flea in the full scale wind-tunnel at boyal aibceaft establishment, 

FABNBOEOUGH. 


however, to which the model is made to resemble the full-scale that it 
represents is, of course, an important factor. 

A wind-tunnel then is a device in which models of aircraft or other 
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bodies can be mounted in a steady and uniform air stream in order to 
make it possible to study the aerodynamic forces which arise as the result 
of the relative motion between the air and these bodies. 

History of Wind-Tunnels 

The history of the beginning and development of the wind-tunnel is 
interesting. 

In 1759 John Smeaton read a paper before the Royal Society in 
which he is reported to have said : In trying experiments on windmill 
sails, the wind itself is too uncertain to answer the purpose ; we must 
have recourse to an artificial wind. This may be done in two ways, 
either by causing the air to move against the machine, or the machine to 
move against the air.” He went on to examine these possibilities and 
knowing no way of achieving the former plan, devised a whirling arm to 
effect the latter. It is curious that this method, i.e., of mounting the 
body under observation at the end of a long arm carried round in the 
circiunference of a large circle, should have continued in use for so long— 
for it is used for certain experiments even to-day. But to B. H. Wenham, 
the founder of the Royal Aeronautical Society, must be given the credit 
for inventing the first wind-tunnel. In the year 1871 he demonstrated 
his apparatus at John Penn’s Engineering Works, in Greenwich. It was 
constructed of wood and was of 18-m. square section and approximately 
10 ft. in length. The air current was created by a steam-driven fan and 
the velocity—measured by a water gauge—^registered up to 40 m.p.h. 
By means of a balance it was possible to measure the lift and drag of 
flat surfaces at various angles, and although the device was obviously 
somewhat crude, the results, in the form of tables, were widely used for 
many years. This, then, was the forerunner of the wind-tunnel as we 
now know it. 

The next tunnel of interest was made by Horatio PhiUips—another 
Englishman—in 1884. The noteworthy feature in this device was the 
creation of the airstream by means of a jet of steam and, it is on record, 
that in this small tunnel of 17 in. square section a wind speed of 60 ft. 
per second was obtained (that is, about 41 m.p.h.). 

From then until 1903, the year of the first flight—^less than a dozen 
expeiimental apparatus of this kind seem to have been constructed. 
One of these was made by Sir Hiram Maxim, who, however, with Langley, 
again made use of the whirling arm method of aerodynamic research. 

Used by the Wrights 

However, it is apparent that the results obtained by the Wright 
Brothers on a tunnel built by them in 1901 had a great bearing on the 
details of the design of their third glider, which was the precursor of their 
final power-driven aeroplane. The following is an extract from a lecture 
given in 1916 by Griffith Brewer before the Royal Aeronautical Society : 



208 [VOL. I.] PRINCIPLES AND CONSTRUCTION 





' g . -.. Main badance house of fubl scale wind-tunistel at b.a.e., fahneorough. 

On retimimg to Dayton in August, 1901 , the Wrights decided to check 
a a given by Lilientlial by making independent experiments of 
leir ovn, ana tiiey soon found many discrepancies which filled them 
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with interest and led them on to 
make experiments more thorough 
and complete than any scientific 
experiments on the subject hitherto 
made. They constructed a wind- 
timnel 16 in. square inside measure¬ 
ment and about 6 ft. long, into one 
end of which a current of air was 
blown by a fan, and the direction 
of the draught was straightened by 
a series of *' pigeon-holes V’ etc., and 
again, “ The result of these experi¬ 
ments was the abandonment of the 



tables of earher experiments which 
the Wrights had previously used, 
and the third machine built for the 
purpose of the continuation of the 
experiments at Kitty Hawk proved 
by the efficiency of its gliding angle 
that they were fully justified in 
going to the labour and expense of 
this independent scientific work.” 

Description of a Wind-tunnel 

A wind-tuimel usually consists 
of a tube of rectangular cross sec¬ 
tion, along which air is drawn by a 
fan. The air is never blown through 
the tuimel, since it has been found 
that greater steadiness of flow is 
achieved by suction. The fan varies 



Figs. 3a and Zb. —Showing aerflow hade 

VISIBLE BY THE METHOD DEVELOPED BY 
DE. TOWNEND OF THE NATIONAL PHYSICAL 
LABOEATORY. (See also the articles on 
‘‘ Principles of Flight ” in this volume.) 


in design with the particular requirements but is essentially similar to 
the airscrew used on an aeroplane. The air is always sucked through 
a baffle made in the form of a honeycomb, which has the effect of 
straightening the flow and preventing swirl. Wind-tunnels are of two 
main types, the open jet and the continuous. In the former, the 
working part is in a gap across which the air is drawn whereas in the 
latter it is enclosed and the model is generally observable tlirough glass. 
The method of supporting the model varies—^it can be either from 
above or below—^but strength of the supports combined with small- 
nep is the chief consideration, since the disturbance caused by even 
thin wires can be considerable. The speed of the airflow is generally 
measured by pitot tubes set in different positions inside the tunnel, 
and the most convenient speeds for working vary between about 40 and 
60 m.p.h. 


X.E.—VOL. I. 
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Fig. 5.—Small wind-tunnel. 


How Measurements are Made 

In^ this article it is not possible to deal in detail with the more highly 
technical aspect of the subject, but a brief explanation is necessary of 
how the forces on a model are measured. Two wires, at “ A,” from the roof 
of the tunnel, support the main planes of the model, and another, at “ B,” 
the tail. These wires run through slots in the roof and are attached to 
balances set on a frame outside the tmmel. The drag is obtained by a 
third balance, but instead of a wire a rod is used at “ C.” The model is 
upside down in order that the lift may be in the same direction as the 
weight and the amount of lift is therefore the additional downward pull 
over and above the original puU before the airstream was introduced, 
fr an inverted model were not used there would-be danger of damage to 
the model as well as the apparatus due to the slackening of the tension in 
the supporting wires. 

Now an aeroplane has three degrees of rotation—vertical, transverse 
and longitu(^al and study of its behaviour must be based on know- 
edge ot the forces which set up couples about these three axes. Measure¬ 
ments of lift and drag are obtained and the pitching, ro lling and yawing 
moments can also be measured. It is thus possible, for instance, to deter- 
mme the correct tailplane angles for the model imder investigation. 

14—2 
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Fig, 6.—Showing diageammaticaxly how the fobces abe measured. 

Similarly, data can be obtained for lift and drag for varying angles of 
incidence or for aerofoils of different sections. 

As regards the difference between model and full-scale experiments, 
it will be sufficient to say that experience has shown that generally there 
is a very close agreement in the results. 

Rayleigh’s Law 

The law relative to the prediction of full-scale results from data 
obtained from models was formulated by the late Lord Rayleigh. It is 
as follows : ‘'If the flows past two geometrically similar bodies are 
similar, the forces or pressures on them are proportional to the square of 
the wind speed and to the hnear dimension which defines their size.'’ 

This means that if in an ordinary wind-tunnel the model is one of a 
quarter full size and the speed of the airflow is also one-quarter—^the 
forces acting on the full-sized aeroplane in actual flight will be found by 
multiplying the results obtained in the experiment by the square of 4 
and again by the square of 4, i.e., by 256. Any slight errors that may 
arise in the application of this rule wiE be due to “ scale effect.” 

Scale Effect 

Seale effects are caused by lack of similarity between the airflow over 
the relatively small model in the relatively low windspeed in the wind- 
tunnel and the airflow over the full-sized aeroplane at the relatively high 
speeds of flight. The airflow is dependent upon the size of model, the 
velocity of the wind and the density of the air, and similarity of flow over 
the model to that of full-scale flight can be obtained by increasing the 
density of the air in the wind-tunnel sufficiently. 




Fig, -ADJrSTING the balance PEIOR to ]VIEASTJEING eorces on the etjll scale wind- 
tunnel AT R.A.E., FARNBOROUGH. 

The Compressed Air Tunnel 

To this end a compressed air tunnel has recently been constructed at 
the National Physical Laboratory at Teddington, in which work can be 
carried out in pressures of up to more than twenty atmospheres. 

Experiments with Full-sized Aeroplanes 

The difficulties of studying accurately the effects of different types of 
engines mounted in airframes have prompted scientists to construct tunnels 
of the open jet kind large enough to take fuU-sized aeroplanes. The first 
wind-tunnel of this kind was built in America but recently, one has been 
installed at the Royal Aircraft Establishment at Earnborough. In this 
tunnel much yaluable data has been obtained, particularly in connection 
with engine cowlings and airscrews. 

The Vertical Tunnel 

One of the most difficult of the many problems that have faced the 
scientist has been the spinning of aeroplanes. To spin is often useful 
and it has for long been a manoeuvre that every pilot has learned, if only 
to acquire the knowledge of the means of recovery—^for many lives have 
been lost owing to an involuntary spin at a low altitude or to spinning 
being a peculiarly stable state for certain types of aeroplane. 
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Fig , 8.—Taking a beading ok a eobce. 

Recently there has also been built at Earnborough a vertical wind- 
tunnel in which a model is placed on an arm and swung out into the 
centre. When the airflow is started—in an upward direction—^the model 
is lifted from the arm and, if the control surfaces have been set in the 
proper positions, will spin continuously. By means of slow motion photo¬ 
graphy its behaviour can be carefully observed. The data obtained in 
this wind-tunnel has been of very great value in solving this particular 
problem. 

To Study Airflow 

No description of wind-tunnels would be complete without mention 
of the type developed by Mr. W. S. Barren, the present Deputy Director 
of Scientific Research of the Air Ministry. By means of a tunnel of very 
small section, combined with a system of magic lantern, coloured smoke 
and a multiplicity of small models, he has made possible the projection 
on to a screen of the picture of the behaviour of airflow under varying 
and almost endless conditions. 

Another method of making airflow visible in a wind-tunnel has been 
(ieveloped by Dr. Townend of the National Physical Laboratory, con¬ 
sisting of the adaptation of what is known as the Schlerin effect, ’’ whereby 
heated air is made visible by means of an optical device. Figs. Sa and 36 
are examples of this. 





Fig. 9a. ^Ebecting engeste nacelle with townend bing eor test in the ftjtx 
SCALE wind-tunnel AT R.A.E., EABNBOEOUGH. 

Water Tanks 


Some of the early t 3 rpes of aeroplane were made to take off from and 
alight on water. This necessitated a different kind of undercarriage on 
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Fig , 9c.—E rectes-g ax engine nacelle with townend ring for test. 

scale models in a tank and measuring the reactions set up by the motion 
through the water. 

Many firms have water tanks for research of this kind ; the National 
Physical Laboratory, howeyer, is probably better equipped in this respect 
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Fig. 10. —eajrly method op showing aib plow. 

Using a smoke tunnel with model suspended in stream. 

than any other laboratory in the world. The tank there is 550 ft. long, 
30 ft. wide and 13 ft. deep, and models of ships of all kinds, from racing 
craft to the biggest liners and battleships, as well as the hulls and floats 
of aircraft, are tested there. 

Anyone interested in this subject might try the simple experiment of 
moving a flat plate or body of any shape desired slowly in a tank or bath, 
on the water of w’hich aluminium powder has been recently sprinkled. 
Flow' patterns will be easily seen very similar to those produced by smoke 
in a wind-tunnel and the study of the vortices set up by the least move¬ 
ment through the water will be found interesting and fascinating. 

Flow similar to that obtaining in normal flight can be achieved in water 
with small models and relatively low velocities owing to the fact that 
the density of water is much greater than that of air. In the case of water, 
however, or of any other fluid, the kinematic viscosity enters into scale 
effect—but that is a matter too complicated to deal with here. It may 
perhaps be of interest to give Frond’s Law of Corresponding Speeds by 
which the conversion to full scale of results obtained on a model may be 
computed. By this law the scale model must be towed through the water 
at a speed equal to the full-scale speed multiplied by the square root of 
the scale. Thus, if the taking-off speed is 60 m.p.h. and the model is 
made to o:^ twenty-fifth scale, it should he moved tlirough the water 
at 60 X v that is, at 12 m.p.h. Similarly, a one-sixteenth scale model 
for the same taking-off speed should be towed at 15 m.p.h. 



REfD-SIGRIST TURN INDICATOR 

Bv Wdtg-Coibiais^dee G. W. Wh^liamson, O.B.E., M.C., M.Inst.C.E., 
M.I.Mech.E., M.T.E.E.(Retd.) 

Purpose of the Turn Indicator 

I X the early stages of flying, pilots were very careful to steer clear of 
clouds, navigation in which always presented difficulties on account of 
the lack of adequate instrument equipment. In those days, night flying 
was unusual, and in any case a dangerous pursuit; while attempts at 
cloudy flying (other than a chmb or dive through clouds of perhaps only 
1.000 ft. thickness) were frequently attended by crash or fatality. 

The usual sequence of events when entering a cloud or flying in very 
thick weather was somewhat as follows :— 

(1) At the outset the pilot would endeavour to keep a straight course 
by intense concentration on his compass needle, and would make 
slight adjustments to the rudder at the first sign of any deviation 
from his set course. At the same time it was necessary for him 
to watch the revolution indicator or air speed indicator, to see that 
the nose of the aeroplane was not falliug. 

(2) Slight inattention or lack of concentration might result in a 
somewhat increased deviation of the aeroplane from the set 
course; and on account of the lag of the compass this was 
indicated a second or two later than the deviation actually 
began. The pilot attempted to correct this deviation, but 
although the aeroplane responded instantly, there was stfll 
greater delay before the compass showed the effect of his 
correction. 

(3) The certain result of this compass lag was over-correction by the 
phot, so that the aeroplane turned from one side to the other 
m increasing arcs, the compass swinging more and more widely 
until it would only spin round; and at that time there was a 
belief that this spinning of the compass was due to some electrical 
effect of clouds. 

Fatalities and crashes due to this cause ended with the introduction 
of gyroscopic methods of blind flying, the first and most useful instrument 
being the turn indicator. 

The turn indicator is only one of several types of gyroscopic instru¬ 
ments which will indicate accurately and immediately changes in the 
attitude of the aeroplane. The gyroscopic equipment of modem military, 
as well as a high proportion of civil aeroplanes, is as follows :— 
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Fig. 1. —Dial or reid two-needle turn indicatob. 


(1) A gyroscopic artificial 

horizon, which indi- 
' cates any deviation 
fiom normal flying 
level and flying 
straight attitudes; 
that is it gives 
indications of the 
extent of pitch or 
bank. 

(2) A direction indicator or 

gyro compass which 
will indicate deviation 
in degrees from a set 
course. Like the 
artificial horizon, it 
has a free gyro; 
and it indicates the 
amount (that is the 
number of degrees) of 
a turn. 


(3) A turn indicator, in which the gyro is confined to a limited move¬ 
ment by means of a spring ; the more rapid the turn, the wider 
the movement of the gyro and the indicating needle within the 
limits set. The indication is the rate of turn—^the number of 


degrees per minute. 

Deviation from normal attitudes is indicated in three dimensions by 


the artificial horizon and directional gyro ; but in common with any 
free gyro instrument produced up to the present and suitable for con¬ 
tinuous use, there is a limit to the attitudes in which these instruments 
will function. Some of them will continue to give rehable indications 
during a loop, but none of them will also function continuously during a 
spin. Depending on the type of instrument and method of mounting, 
acute attitudes usually result in free gyro instruments going out of action; 
but the constrained gyro of the turn indicator will continue to function 
in all attitudes of flight. 

A turn indicator is therefore fitted to all military and other aeroplanes 
in which aerobatics might be necessary, even though artificial horizon 
and directional gyro also form part of the equipment. The greatest use 
of the turn indicator is during a spin or during the recovery period follow¬ 
ing upon it; a manoeuvre in which other free gyro instruments cease to 
function. 


In the Royal Air Force, spinning is taught by means of the turn 
indicator; all Royal Air Force aeroplanes throughout the world are 
fitted with a turn indicator made by Reid & Sigrist Ltd. 
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Fig . 2 . —Position of needles with bank I ' zg , 3.—Correct bane and turn. 

AND NO TURN. 


Indications Given by the Reid Two-needle Turn Indicator 

The type of turn indicator most commonly in use is the standard 
pattern as supplied to the Air Ministry, of which many thousands have 
been made. This is the Reid Two-needle Turn Indicator. 

Dealing first with the exterior appearance of the instrument, the dial 
is shown at Fig. 1, the lower needle being that connected to the gyro, 
and indicating turn. The arc at the bottom of the scale is graduated 
from 1 to 4 in either direction, these figures indicating various rates of 
turn. 



4. Correct but with a little 5.—When spinning to the right. 

OUTSIDE SLIP. 
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Fig. 6.—^The inclinometer unit. 


The time for a complete 
turn at each of these indica¬ 
tions is as follows:— 


Rate of turn 
on dial. 

1 

2 

3 

4 


Time for complete 
turn of 360 °. 

2 mins. 

1 min. 

32 secs. 

20 . 


These figures apply to 
the instrument as at present 
being made for the Eoyal 
Air Force; recently slight 
changes have been made in 
the design and the Air 
Ministry have asked for 
standardised rates of turn as 
detailed above; but many 
thousands of turn indicators 
are in use in which the rate 
of turn has been adjusted to 
the previous Air Ministry 
standard ; the figures were 
then as follows :— 


Rate of turn 
on dial. 


Old 

instrument. 


1 . 3 mins. 40 secs. 

2 . 1 min. 56 „ 

3 . 1 „ 12 „ 

4 . . . . . . 40 ,, 

All the older instruments can be identified by the inscription on the 
small dial in the centre ; old type instruments are styled Mark 1, and new 
type instruments Mark lA. Fig. 1 clearly shows a Mark 1 instrument. 

The most important indication of this instrument is that given by 
the turn indicator needle, showing instantly deviation from straight 
flight; the top needle indicates in degrees the amount of hank; and 
when making turns at various banks, the two needles should be read in 
conjunction. 

Fig. 1 shows the appearance of the needles in straight flight, with no 
bank ; Fig. 2 shows a bank without turn, in which the aeroplane will he 
side slipping to the left. 

The side slip and bank indication is dependent upon a pendulum 
and is non-gyroscopic. A pendulum is affected by gravitational and 
accelerational forces; and tends to hang vertically in relation to the 
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earth vriien the aeroplane has 
banked, but is not turning. A 
correct indication of the number 
of degrees of bank is then given 
br the top needle. 

But when the aeroplane is 
turning, the pendulum will be 
aiffected also by the centrifugal 
force due to the turn; and this will 
tend to swing the pendulum out¬ 
wards and upwards. The perfect 
turn results when this effect on the 
pendulum is exactly balanced by 
the downward effect of gravity; 
and however steep the bank, if 
the rate of turn is correctly 
adjusted to it, the top needle will 
remain at zero as shown in 
Fig. 3. 

In blind flying it is usual to 
adhere to a slow rate of turn, such 
as rate 1; and under the technique 
at present used a httle outside slip 
is permitted in order to prevent 
the nose of the aeroplane from 
falling. This is shown in Fig. 4; 
while a spin to the right is indicated 
in Fig. 5. 



Fig . 7.—The atRO unit. 


Construction of Reid Two-needle Turn Indicator 

Dealing first with the construction of the simpler unit of the turn and 
bank indicator, Fig. 6 shows the pendulum, styled incHnometer unit. A 
pendulum in the open would rattle about with every bump or slight change 
in attitude of the aeroplane ; it is therefore enclosed in an air-tight box 
with a very close-fitting hd and base ; movement of the pendulum is 
impossible without a transference of air through that very small space 
from one side of the pendulum to the other, and this retards its movement 
sufficiently to provide damping of a high degree of efficiency. 

The gyro unit is illustrated m Fig. 7. At the top of the illustration 
is a diagrammatic representation of the air jet, which blowing against 
the buckets cut in the rim of the wheel, drives the gyro at about 6,000 
r.p.m. It will be seen that the g 3 UO is mounted in a ghnbal pivoted 
at each end, and is therefore free to process clockwise or anti¬ 
clockwise according to a turn of the aeroplane either to left or to 
right. 
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Fig 8.—Engine-deiven section pttmp. 


Air Supply 

The instrument is enclosed in an air-tight case from which in flight 
the air is continuously exhausted by means of a venturi, the suction 
pump or the induction of the engine. The jet shown in Pig. 7 is the 
only inlet to the case, and the air rushing in through that jet in order to 
replace that exhausted by the means stated above, drives the wheel. 
The air suction required is equivalent to a depression of 3 in. of mercury 
at the instrument and the quantity is 0-25 cu. ft. of free air per minute. 

Of the methods of air supply in use at present, the venturi tube is hy 
far the most common; though with the increasmg speeds of aeroplanes 
it will in time be replaced by engine-driven suction pumps. This 
pump is illustrated in Pig. 8. 

The venturi is fitted with the small end forwards; the air flows in 
at the small end and out at the large end; it must not be interrupted by 
struts or other obstructions in front of or behind the venturi. It should 
point directly into the air-stream. 

The testing, fitting and maintenance of this typ)e of instrument is 
dealt with in a separate article. 



the REiD AND SIGRIST GYORIZON 

Bv WrN'G-CoaiJiAJTDEE G. W. Williamson, O.B.E., M.C., M.Inst.C.E., 
MI.Mech.E., M.I.E.E. 

T he Turn Indicator used by the Royal Air Fores as a standard 
is the Reid and Sigrist two-needle pattern, of which many thousands 
have been supplied to the Service during the last seven years ; and this 
tvpe is in use on every Royal Air Force aeroplane in the world to-day, 
being considered a necessity even when Artificial Horizon and Direc¬ 
tional Gvro are also carried as part of the blind flying equipment. 

On the Continent and in the United States of America a single-needle 
type of Turn Indicator is used ; the needle (this time at the top of the 
scale) gives the turn, whilst the bank or sideshp component is indicated by 
a ball in a glass tube. 

Although neither the two-needle pattern nor the smgle-needle type 
give to the pilot an exact picture of what is happening, the Air Ministry 
decided to retain the Reid two-needle Turn Lidicator in use, partly 
because thousands of pilots had already been trained on this type, and 
partly because large numbers of the two-needle Turn Indicator are in 
use,in the Service, so that conversion or replacement by a new pattern 
might be a very expensive business. 

the Gyorizon was Introduced 

For the use, however, of pilots in other countries, or civilian pilots in 
this country having no experience of the two-needle Turn Indicator, it 
was thought that a simpler form of dial might result in a clearer indication 
of what is happening to the aeroplane ; and in an attempt to simphfy 
blind flying training, the Gyorizon was produced as an addition to the 
other types of Turn Indicator on the market. 

In designing this new instrument, other considerations were borne in 
mind. For hghtness in weight and ease of production, the case of the 
instrument is a moulding. Care has been taken to guard against corrosion, 
by anodising, cadmium plating, and the use of stainless steel. Although 
instruments as at present produced are not fully tooled for mass produc¬ 
tion, it is possible to provide tools for most of the other main components 
which would enable very large numbers of these instruments to be pro¬ 
duced with the Tniuimmn of labour. 

Description of the Gyorizon 

The most important part of the instrument is the dial, an illustration 
of which appears in Fig. 1. The needle, which indicates the rate of turn 
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of the aeroplane, is in the form 
of a model aeroplane with an 
extended nose indicating at the 
top of the dial the standardised 
rates of turn 1 to 4. In its 
normal position, that is for 
straight flying, the extended 
needle nose of the aeroplane 
points to the exact centre of the 
top scale, nose and fuselage 
lying along a line dividing the 
dial vertically into two exact 
semicircles. 

The Bank Indication 

The bank indication in this 
instrument is given by a liquid 
level; a suitable non-freezing 
liquid is enclosed in a very 
thin capsule mounted as a 
backing to the Turn Indicator needle, giving the effect of a liquid 
horizon. The capsule is so thin as to provide a pronounced damping 
effect upon the movement of the liquid, which instantly takes up, and 
retains without swinging, a position corresponding to the movement of 
the aeroplane. Since this liquid horizon is subject to forces of gravity 
and acceleration, it does not follow that it will indicate at aH times an 
angle of bank ; this point has been dealt with in a later paragraph. 

The needle itself is luminised for convenience in night flying, and the 
scale is provided with luminised dots and a centre point, together with 
two luminised marks at the points where the tips of the wings will rest 
when the real aeroplane is in straight flight. 

The Turn Indicator 

The needle is connected to the Turn Indicator gyroscope, the con¬ 
struction of which will be clear from the illustration in Fig. 2. The wheel 
is provided with a series of milled buckets, on which the air impinges from 
a jet not shown in the illustration. The jet itself is attached to the casmg 
of the instrument; from that casing the air is continuously withdrawn, 
either by a venturi tube or a suction pump ; and the constant replace¬ 
ment of the partial vacuum thus set up—a suction head of approximately 
3 in. of mercury—^is continuously supplied by the inflow through the jet 
in the case. It is necessary of course for the case to be airtight other 
than the point of entry at the jet. 

In Fig. 2 can also be seen the bearings in which the wheel revolves, 
and at the near end one of the pivots for the rocking movement of the 



By courtesy of Flight,^’ 
Fig. 1.—Reid gyobizon. 

Correctly banked turn. 
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gimbal. As in all 
constrained gyros, 
the moYement of 
the gimbal is 
restrained and the 
gimbal itself 
restored to normal 
position by a small 
spring shown below 
the near pivot; the 
tension on that 
spring adjusts the 
sensitivity of the 
instrument. It wiU 
perhaps be clear that 
the stiffer the spring 
the greater will be 
the force necessary 
to give any particu¬ 
lar rate of turn in 
either direction. 

, . Fig. 2.—The gyro wheel, gimbal and damping device. 

Damping Mechamsm 

The damping mechanism of the gjroscope consists of closely fitted 
pistons in blind cylinders. The damping effect is brought about by the 
slow transference of air from one side of the piston to the other. The 
pistons themselves are extremely thin, so that there is practically no 
friction against the cylinder waU, and this results in a form of damping 
in which the piston is absolutely free from any possibility of sticking at 
any point. The alternative to this method is a piston which depends 
upon friction instead of upon airflow, and, while such a method costs 
considerably less, there is always the possibility of the friction resulting 
in a sticking of the needle. 

Indications given by the Reid Gyorizon 

Dealing first with the indication of turn alone, the scale at the top of 
the dial indicates varying rates of turn, the time for a complete turn 
being set somewhere between a mmimum and maximum amount. That 
is, the average of aU instruments turned out will lie between the figures 
shown in the following table ;— 

Eate of turn Time for complete turn of 

on dial. Minimum. Maximum. 

1 . . .2 mins. 48 secs. 3 mins. 

2 . . . 52 „ 1 min. 4 secs. 

3 . . . 24 „ 36 „ 

^ - 14 „ 24 „ 

15—2 
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Fig , 4.—Sideslipping to the bight 

WITHOUT TURN. 

It is of course intended that the Turn Indicator needle in the shape 
of an aeroplane should be read in conjunction with the indication given 
by the liquid horizon, and the simplest method of appreciating the 
indications of this instrument would perhaps be to consider first the 
behaviour of the liquid horizon alone. 

Banking without Turn 

Unless it is acted upon by other forces, the liquid will of course tend 
to flow downhill when the instrument (or the aeroplane to which it is 
attached) is tilted, as when banked one way or the other, but without 
turn. This indication is shown in Fig. 4. It will be seen that the needle 
points to the centre of the turn scale, indicating that the real aeroplane 
is flying straight ahead ; but the liquid horizon is tilted in regard to the 
case of the instrument—and also in regard to the horizontal wings of the 
little aeroplane—^the angle between the horizontal wings and the liquid 
horizon indicating that, although flying straight, the aeroplane will-be 
slipping downhill to the right, that is, to starboard. 

Sideslipping without Turn 

This is sideslipping without turn, one wing of the aeroplane being 
down in relation to the liquid horizon, although the wings are stiU horizontal 
in relation to the scale of the instrument. Fig. 4 may be compared with 
Fig. 3, which shows the indication when the aeroplane is flying straight 
and level, no bank or turn. 

Correctly Banked Turn 

No diagram has been provided for a correctly banked turn, as this is 
already illustrated in Fig. 1. Although the rate of turn needle shows that 
the aeroplane is turning rapidly at rate 3, the liquid horizon remains 
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perfectly horizontal in relation to the case of the instrument, despite the 
fact that to compensate for such a turn there will he a considerable angle 
of bank. Under these conditions the downward puU of gravity on the 
liquid is exactly balanced by the outward and upward pull of centrifugal 
force due to the turn, and the liquid horizon in this position indicates that 
the turn is correctly banked. 


How Errors are Indicated 

Supposing that the turn were not correctly banked, the horizon will 
give an instant mdication of this error. Fig. 5 shows a flat turn to the 
Teft and the parallelism of the wings with the horizon, despite the turn 
indicated, will convey immediately to the pilot that a sideslip must be 
occurring outwards as in any other flat turn. This is an extreme case, 
the angle of bank being so shght that the liquid is flung outwards and 
upwards to a greater extent that it is pulled downwards by gravitational 
force; but any indication in which the liquid horizon falls below the 
triangular datum marks of the instrument at either side of the scale will 
mdicate a turn without sufficient bank, and also a sideslip outwards— 
assuming of course that the turn needle is giving some indication other 
than zero. 

The opposite indication is illustrated in Fig. 6, showing a rate two 
turn slightly overbanked, with the result that the liquid horizon runs 
downhiU more than the centrifugal force pulls it uphill. Once again the 
appearance of the hquid, in relation to the pictured wings of the aero¬ 
plane, conveys to the mind of a pilot that for such a rate of turn he will 
be slipping downwards tow’-ards the horizon. 

Turn Indicators, in which the gyro is constrained by a spring, are the 
only blind flying instruments which will remain in action during a spin, 
and the indication given is shown in Fig. 7, where the real aeroplane is 



Fig . 5.—Flat tubn to left. 


Hg. 6.— An ovesbaneed turn. 
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Fig . 7.—Spinning to lept. 


Fig . 8.—Appearance of dial in inverted 
FLIGHT. 


spinning to the left. The maximum possible rate of turn is shown 
accompamed by considerable outside slip, despite the acute bank of the 
real aeroplane Continuous functioning of a Turn Indicator in any 
attitude means that it wiU continue to give an indication of turn or bank 
even when inverted and the appearance of the dial in inverted flight is 
shown by Pig. 8. ® 


Suction Drive for Gyorizon 

Like any other air-driven instrument, the drive for the Gyorizon can 
be provided m the following ways 

1. By meam of a venturi tube, illustrated on p. 237 of this volume, 
y suction from the induction pipe, a method much used in 
. « ^'Hd on the Continent. The leakage of air is almost 
^nitesimal and experiments show that there is no effect upon 
tne slow running of the engine. 

3. By means of a suction pump which might be driven by a windmill; 
a small mdependent electric motor or as at present planned by 
being coupled to suitable gearing on the mata engine. 

takes 0*25 cu. ft. of am per minute, 
of ^ ir» nf Histrument should be equivalent to a depression 

a i-rmA Stated previously. In first fitting an instrument to 

when a A usual to measure its suction by a manometer 

Side ^ 5 this procedure is dealt with in a later 


Further Details of Gyorizon 

has^he%Slowd^g Indicator, the Gyorizon 
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i 


Fig . 9,—Sensitivity conteol. 

1. It starts on I in. of mercury pressure ; this means that it requires 

very little suction to start the gyro, which runs as soon as the 

engine of the aeroplane starts to tick over. 

2. The wheel wiU continue to run for approximately eighteen minutes 

after suction has ceased. 

3. The instrument functions at plus or minus 60° 0. 

It has the same movement as the instruments used for the flight over 
the summit of Mount Everest, which functioned perfectly during this 
severe test, where temperatures were as low as minus 55° C. at heights of 
over 29,000 ft. 

The weight of the instrument is 1 lb. 4 oz. 

Size of case being ... 3| in. diameter. 

And the size of dial . . 3| in. 

When in position on an aeroplane the case projects behind the dash¬ 
board for 3| in. 

Sensitivity Control 

Like the two-needle Turn Indicator, the Gyorizon leaves the maker’s 
works adjusted to a standard sensitivity, and any variation which is to 
be carried out by means of a turn or two of the sensitivity spring will be 
dealt with in an article on fitting and maintenance of Turn Indicators. 
It is possible, however, that the preference of a pilot as regards sensitivity 
may vary from one day to another and reduced sensitivity might be 
required in a flight made in very bumpy weather. Similarly, the setting 
of the sensitivity spring is standard for any type of aeroplane when the 
instrument leaves the factory ; but if adjusted in a squadron or by a 
private owner it might not suit all the pilots who use that particiflar 
aeroplane ; while any instrument will be considerably more sensitive on 
a high-speed as compared with a low-speed aeroplane. 

The firm of Reid and Sigrist have therefore produced a sensitivity 
control intended for operation by the pilot in the air or otherwise. It 
enables the suction from the venturi, and consequently the speed of the 
gyro, to be controlled from the dashboard, thus giving different sensiti- 




232 [VOL. L] PRINCIPLES AND CONSTRUCTION 

vities to suit individual requirements and all types of aeroplanes in various 
circumstances. 

The device is fixed to the dashboard near the instrument it is intended 
to control. The venturi is connected to the vertical tube of the sensitivitv 
control by pitot tubing or rubber tubing, and the horizontal tube of tk 
sensitivity control is also connected to the instrument outlet by a short 
piece of pressure pitot tubing or rubber tubing. If rubber tubing is used it 
should be wired to the connection. The sensitivity control is illustrated 
in Pig. 9. 

It is equally applicable when the instrument has induction or pump 
drive. 


QUESTIONS AND ANSWERS 

What Form of Needle is Used with the Gyorizon ? 

The needle is in the form of a model aeroplane with an extended nose 
indicatmg at the top of the dial the standardised rates of turn 1 to 4. 

What is the Position of the Needle During Straight Flying ? 

The extended needle nose of the aeroplane points to the exact centre 
of the top scale, nose and fuselage lying along a line dividing the dial 
vertically into two exact semicircles. 

How is Bank Indication given by this Instrument ? 

By a liquid level; a suitable non-freezing liquid is enclosed in a very 
thin capsule mounted as a backing to the turn indicator needle, giving 
the effect of a liquid horizon. The capsule is so thin as to provide a 
pronounced damping effect upon the movement of the hquid which 
instantly takes up, and retains without swinging, a position corre¬ 
sponding to the movement of the aeroplane. 

What Indication is given that an Aeroplane is Banking without Turn ? 

The needle points to the centre of the turn scale, indicating that the 
real aeroplane is flying straight ahead, but the liquid horizon is tilted in 
regard to case of the instrument, the angle between the horizontal wings 
and the liquid horizon indicating that, although flying straight, the 
aeroplane will be slipping downhill. 



REID COMMERCIAL TYPE TURN 
INDICATOR 

(BUBBLE MODEL) 

Bv WEvG-ComrA^TDEE G. W. WiLLiAMsow, O.B.E., M.C., M.Inst.C.E., 

M.I.Mech.E., M.I.E.E. 

S O]^IB years ago a prolonged series of experiments was undertaken by 
the British Air Ministry with a view to determining the type of Turn 
Indicator most suitable to the needs of the Service, and especially to 
decide the preference of pilots for any particular type of dial. 

An Interesting Series of Experiments 

The research departments of the Air Ministry investigated by labora¬ 
tory experiments the efficiency, reliability and life of the various Turn 
Indicators ; and numbers of each type of instrument were sent out to 
Squadrons for report by phots after lengthy flying trials, extending over 
a period of months. 

The result of these experiments was a decided preference by British 
pilots for the two-needle type of Turn Indicator, the bottom needle 
indicating turn. 

On all other types tried, the top needle shows turn, and instruments 
of this type are almost universally used throughout the Continent and 
Urdted States of America. The construction of a Turn Indicator with the 
needle at the top is rather more simple than that of the Eoyal Air Force 
pattern and consequently it is a somewhat less expensive instrument. 

To meet commercial requirements for this type of instrument in this 
country and abroad, the Reid and Sigrist commercial model Turn 
Indicator was produced. 

Desaiption of the Reid Commercial Turn Indicator 

The dial of this instrument therefore corresponds closely to the Turn 
Indicators in use in the United States and over the greater part of the 
Continent. An illustration appears as Fig. 1. A heavily luminised needle 
moves over a scale at the top of the dial, subtending an angle of rather 
more than 90°; the various rates of turn are indicated by luminised spots, 
but are not numbered; and for use in this coimtry the letters “ L ” and 
“ R ” indicate a turn to the left or right respectively. Dials made for 
abroad are lettered according to the language of the country concerned, 
and the words tuex and sideslip must also be translated accordingly. 
Bank or sideslip is indicated by a ball in a glass tube practically filled 
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with liquid. The glass tube 
has been blown to the required 
shape and is therefore fre¬ 
quently styled a bubble.” It 
is essential that there should 
be no confusion between the 
glass bubble and the tiny bubble 
of air which appears in most of 
these glass tubes to allow for 
expansion of the liquid. No 
notice is taken by the pilot 
of this little bubble, which 
surrounds the baU when the 
latter is in the centre of the 
scale, but goes in the opposite 
Fig. 1.—The dial oe the commebcial type direction for any other indi- 

TUBN rNTDICATOH (BITHBLE MODEL). Cation 

The steel ball, normally central in the tube, takes up various other 
positions dependent upon the bank of the aeroplane and the amount of 
centrifugal force due to a turn. Its movement in either direction is 
heavily damped by the non-freezing liquid, and it forms an inexpensive 
and simple indication of the accuracy of a particular turn. 

Apart from the dial, the remaining part of the instrument corresponds 
very closely to the gyroscope assembly of the Gyorizon, dealt with in a 
previous article. It consists, as before, of an air-driven gyroscope mounted 
in a horizontal gimbal ring, whose pivots lie on a line normal to the plane 
of the dial; that is, these pivots are in the fore and aft axis of the aeroplane 
when the instrument is fitted in the usual position on the dashboard. The 
gyro, its gimbals and the controlling spring, and damping cylinders, are 
illustrated on p. 227 of this volume; the only difference between this 
mechanism and that of the Gyorizon being in the method of indicating 
bank and sideslip. 

For standardisation purposes, a large proportion of the components 
in this instrument are exactly the same as those in the Gyorizon, almost 
the only difference being m the dial itself. The case is made of black 
bakehte to the same moulding as the Gyorizon and has the same suction 
nipple and air intake to the jet, complete with filter. 

Every care has been taken to ensure that the mechanism is corrosion- 
proof ; aluminium parts are anodised and sometimes painted as well; 
steel screws or other parts are cadmium or chromium plated ; and stain¬ 
less steel is used wherever possible. The case itself must be airtight when 
the air intake filter is closed ; and although the filter itself is not entirely 
dustproof (as it would then not permit the passage of the air) there is 
constant suction when the instrument is working, which draws out of the 
case any fine dust which might pass the filter gauze. 
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2.—Sideslipping without tubh. Fig . 3.—Correctly banked turn to left. 


Indications given by the Reid Commercial Turn Indicator 

As the gyro mechanism of this Turn Indicator is the same as the 
C4yorizon, the rates of turn at various readings on the scale will also be the 
same; and these are repeated below. The time for a complete turn is 
set between a minimum and maximum amount, the average of all instru¬ 
ments turned out lying between the figures quoted in the following table : 


Rate of turn on dial. 

Time for complete turn of 360°. 

Minimum. 

Maximum. 

1 

2 mins. 48 secs. 

3 mins. 

2 

52 „ 

1 min. 4 secs. 

3 

24 „ 

36 „ 

4 

14 „ 

24 „ 


The readings given by the Turn Indicator needle are exactly the same 
as those of the aeroplane shaped needle on the dial of the Gyorizon ; 
dealing with the simplest case, straight and level flight is indicated by 
Fig. I j the same illustration in which the dial of the instrument is shown. 
The ball is central between two marks etched on the glass bubble, and the 
turn needle indicates by its centrality no deviation fi:om straight flight. 

Bank alone can be indicated by the movement of the ball in the tube, 
and it will be obvious that when the aeroplane is tilted the ball will run 
along the tube to the downward end; and the commencement of this 
travel is indicated by the diagram at Fig. 2. When a turn is being made, 
the baU will be acted upon by centrifugal force as well as by the force of 
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Fig. 4.—Ail ovEEBANKED TTON. Fig. 5.—Slow elat tven. 

gravity if the turn is banked ; a correct bank would keep the ball in the 
centre of the scale, between the two upright marks ; at that point the 
outward and upward pull of the centrifugal force due to the turn exactly 
balances the downward pull of gravity due to the bank. This is shown 
by Fig. 3. 

If the bank were too steep, the ball would tend to run downhill, as 
Fig. 4; and in time would reach the lower end of the tube. On the 
other hand, a flat turn or a turn with insufficient bank will result in the 
ball creeping along the upper arm of the tube, as shown by Fig. 5. 

This instrument, like the two-needle Turn Indicator, can be used for 
the teaching of spinning and makes an instant recovery when the spin 
is over. The indication given during a spin is shown in Fig. 6. 

Drives for Commercial Turn Indicator 

Like any other air-driven Turn Indicators, the drive can be derived in 
the following ways :— 

(1) By means of Venturi tube illus¬ 
trated in Fig. 7. 

(2) By suction from the induction 
pipe, a method much used in 
America and on the Continent. 

The leakage of air is almost 
infinitesimal and experiments 
show that there is no effect 
upon the slow running of the 
engine. 

(3) By means of a suction pump 
which might be driven by a 
windmill, a small independent 

electric motor, or, as at present Fig, 6 . — Spinntintg to left. 
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Directm ojflight. 



Direction of airflow. 

Fig, 7.—The venturi head. 

The air supply to the turn indicator is usually from a Venturi head of this type. 

For Service use, the Venturi is finished black stove enamel, but for civil aircraft it can 
be obtained in chromium-plated finish if desired. 

The Venturi is fitted with the small end forwards; and the air flow in at the small end, 
and out at the large end, must not be interrupted by struts or other obstructions either in 
front of, or behind, the Venturi. It should point directly into the air-stream. 


planned, by being coupled to suitable gearing on the main 
engine. 

The air flow can be adjusted by means of a sensitivity control, 
illustrated and described on p. 231. 

The dimensions of this instrument are exactly the same as the Gyori- 
zon, and are:— 


The weight is 
Size of case . 

Size of dial . 

Depth behind the dashboard 


1 lb. 4 oz. 

3f in. diameter 


3| » 
31 „ 


3 ) 




THE REID FORE AND AFT LEVEL 

By WiNG-COMMANDEK G. W. WiLLIAMSON, O.B.E., M.C., MJnst.CE 

M.I.Mech.E., M.I.E.E. 

I N the early days of flying, pilots judged the pitch of their aeroplane 
by reference to the air speed indicator or the revolution indicator, 
since the engine speed would rise, together with the air speed, if the nose 
of the aeroplane were forced down ; and both would fall if the aeroplane 
were pulled up into a steep climb. When blind flying instruction became 
general, some more definite indication of pitch was considered necessary, 
and the hquid type fore and aft level was developed accordingly. Its 
purpose is to show not so much a deviation from the horizontal, as to 
indicate with great accuracy whether or not the aeroplane is flying 
exactly level—a matter of great importance in thick cloud or fog. 

Immediate Indication of Alteration in Pitch 

In this, it has an advantage over the air speed or revolution indicators, 
both of which will show alteration in pitch only after the aeroplane has 
altered speed as a result. The liquid level shows an alteration in pitch, 
even momentary, at the same instant at which it occurs ; the other tvo 
instruments wait for the result of the alteration in pitch, a time lag of 
several seconds. 

Mounting Space 

Counting the mounting space, the instrument takes up on the dash¬ 
board a space in. wide by 5 ^ in. long and projects behind the dash¬ 
board for in.; its weight is only 6 oz. From these figures it will be 
seen how convenient it is to use this type of instrument either on light 
aeroplanes—^where hght weight and small dashboard space are all- 
important—or on aeroplanes fitted with a large number of instruments, 
where there may be considerable congestion, both before and behind the 
dashboard. 

For many years this instrument has been used by the Royal Air 
Force in conjunction with the Reid turn indicator for all blind flying 
work ; and though in the future a high proportion of Royal Air Force 
aeroplanes will he fitted instead wdth a gyroscopic pitch indicator, the 
liquid fore and aft level is stiH an essential instrument in small aeroplanes 
where small- dashboard space, fight weight and low cost are important 
considerations. 

In view of the great importance of the readings on either side of the 
centre of the scale, the Reid pitch indicator is provided with a specially 
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shai)ed tube which gives a very 
oueii scale between zero and 5 
agrees, the rest of the scale 
being relatively less important. 

The Instrument 

The general appearance of 
the instrument is clearly shown 
in Fig. 1. It consists of a 
closed - V" tube mounted in 
a bakehte case ; the U ” tube 
is provided Avith a reser^mir at 
one end, Avhile the third leg of 
the triangle is flattened in order 
to provide a wide and clearly 
risible column of liquid. 

The Indicating Liquid 



Half of the interior volume 
of the tube is filled with the 
indicating liquid, either pm’e Fig. i.— The beid bobe and aft level. 
ethyl or methyl alcohol entirely 

free from acetone. The hquid is coloured by means of a dye so per¬ 
manent as to retain its depth of colour even in the tropics ; the Royal 
Air Force prefer that this dye shall be black, but the pitch indicator can 
also be supphed with a red dye and this is more generally used on the 
Continent. Not only is the liquid to be fadeless, but it must also be 
non-staining and during its hfe or at least during the first five years, it 
must not mark the tube in which it is contained : it is tested at -- 60° C. 
to make sure that it is non-freezing. 

For night flying, the back of the indicating part of the tube is heavily 
iumioised by a hne drawn its full length and the zero mark is also 
luminised ; the hquid obscures a proportion of the luminising so that the 
angle in relation to the zero can be clearly seen in the dark. 


The Scale Markings 

The glass tube is mounted in a bakehte casing as shown in Fig. 1. 
The front of that moulding provides a base for the ivorine scale, the 
markings on which are shown by the illustration. It will be noticed 
that one side of the scale has been left blank, so that any pilot may 
register, if he vishes, the angles for cruising, stalling or ghding without 
engine, which differ with each type of aeroplane. 

To mark these angles the screws at the side of the dial are removed, 
the glass taken out, and the hd replaced. On a test flight, the position 
of the liquid is marked at the various attitudes of the aeroplane Avhen 
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flown with and without engine. After the flight the glass is replaced 
and the pilot will then always have an indication of the best angle for any 
particular manoeuvre. ^ 

Testing the Fore and Aft Level 

The prehminary tests are carried out at room temperature between 
10° C. and 20° C. It is permissible to tap the instrument Mghtly during 
its test, to simulate the sMght dashboard vibration when the engine is 
running. A number of instruments can be tested at once by means of a 
jig and the zero position in each of them must be indicated when both 
the sides and the back of the front flange are truly vertical. 

Each instrument is then tested for damping; it is mounted on a 
small piece of wood hinged to a baseboard, the hinge being about | in. 
from the bottom of the instrument—^that is, from the bottom fiYmg hole. 
The instrument may then be tilted backwards or forwards to obtain 
various readings. It is then tilted forwards to read 15 degrees above 
zero and allowed to faU back under the action of gravity, when the time 
taken for the liquid to reach a steady indication of about 20 degrees 
below zero shall not be less than PS seconds nor greater than 2-2 seconds, 

The permissible errors in range are plus or minus 0-5 degree at the 
zero position, plus or minus 1 degree between 0 and 10 degrees, and plus 
or minus 2 degrees between 10 and 20 degrees. This is tested by a scale 
of degrees fitted to the jig previously mentioned. 

Fitting the Pitch Indicator 

The aeroplane is first placed in flying position; if there is a sloping 
dashboard it wili be necessary to provide a backing piece in order that 
the face of the pitch indicator shall be absolutely vertical. 

When a truly vertical base has been obtained, a hole in the dashboard 
is cut 4| in. long by | in. wide, the instrument slipped in and screwed 
down when the hquid indicates the exact zero. 

If the pilot wishes to carry out the procedure of marking the various 
angles of climb or dive, as detailed in an earlier paragraph, the instrument 
may be screwed to the dashboard on the first occasion after the glass has 
been removed; otherwise it will be necessary to take it off the dash¬ 
board in order to remove the hakelite Md. 



THE REID DIVE-BOMBING 
INCLINOMETER 

Bv Wes-g-Cojimanbeb G. W. WrLLL4JvisoK, O.B.E., M.C., M.InsL.C.E., 

M.I.Meoh.E., M.I.E.E.. 

4 LIQUID fore and aft level, such as that previously described, is a 
suitable instrument to indicate a deviation from level flight; and 
since this is its primary purpose, it does not matter very much that the 
scale is confined to no more than 20 degrees above or belov the horizontal. 
If the aeroplane is pulled into a steeper chmb than 20 degrees, the liquid 
viU fill the front tube and give no useful indication of the climbing angle, 
except to show that it exceeds 20 degrees ; similarly, if the aeroplane is 
forced into a steep dive, the liquid will disappear at the bottom of the 
scale. 

It would of course be possible to make a semicircular liquid level 
which would read aU angles of climb or dive, but the reading at steep 
angles would be in an awkward position from 
the pilot's viewpoint; thus in a 90 degrees 
dive the liquid would be standing at the 
point where the semicircular glass tube meets 
the dashboard. 


Importance of Reading of Steep Angles of Dive 

In recent years the reading of steep angles 
of dive has become of much greater import¬ 
ance in connection with di'ving bombing; 
and a simple form of dive-bombing inclino¬ 
meter was therefore evolved by Squadron- 
Leader G. H. Reid to indicate all angles of 
dive or chmb. 

The Instrument 

It consists of an oil-damped circular 
pendulum swinging according to the angle 
at which the weighted part of the pendulum 
is deflected by gravity in relation to the case 
of the instrument. The close-fitting trans¬ 
parent-fronted case is pro'vided with a datum 
fine; and when the aeroplane is flying level 

the zero of the circular pendulum wiH be __ 

against that datum. ino ETCLDfOMEiEE. ■ 

16 
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On any departure of 
the aeroplane from level 
flight, as when the pilot 
forces his aeroplane into 
a dive or chmb, the 
pendulum swinging in 
relation to the case in¬ 
dicates in degrees the 
angle of climb or dive 
as soon as the aeroplane 
has settled down on to 
its new course. A series 
of arrows show" whether 
the aeroplane is going 
up or down in relation 
to level flight. The 
damping is such that 
the indicating dial 
settles to any new 
reading almost instan¬ 
taneously ; and pro¬ 
vision has been made, 
by means of a dia- 
Fig, 2.—Side view of the dive-bombing inclinometeb. phragm within the in¬ 
strument, for the ex¬ 
pansion or contraction of the oil, in order to avoid the possibility of an 
air bubble. 

Dimensions and Weight 

Fig. 1 shows, practically fuU-size, the small amount of dashboard 
space taken up by the instrument, which is most compact. The case 
is the shape of a cylinder, narrow in height as compared with the dia¬ 
meter ; and when this flattened cylinder is set on edge with the dial 
protruding through the dashboard, the space taken up behind the dash¬ 
board as well as in front is very small. In order to fit it for immediate 
attachment to dashboards which slope at varying angles in relation to 
the fore and aft fine of the aeroplane, a special spring mounting has been 
devised and forms part of every instrument supplied. 

The weight of the instrument is lOi oz. Its dimensions bare are as 
follows:— 

Diameter of case . . . . . 3f in. 

Width of case , . . . . 1| in. 

When the instrument is fitted with its spring mounting, an extra 
space is taken up on the dashboard, amounting to an addition of \ in. 
on cither side of the dial illustrated. 
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Instructions for Fitting 

The instrument is supplied with its front plate temporarily afB.xed 
to a template representing the dashboard. Eig. 2 shows a side view of 
the complete instrument and the springs attaching it to this template. 
The holder A is to be moved round until the instrument can be detached 
from the front plate ; the template can then be removed. 

Losing the aperture in this template as a model, a hole in the real dash- 
board is cut to the same size ; and the template can also be used to fix 
the position of the scretv holes. 

From the front of the dashboard the holder A and the spring D can 
now be inserted by twisting them a httle sideways, and the screws inserted. 
Then with the holder A at its lowest position, the inclinometer itself can 
be inserted from the back of the dashboard. Holder A must then be 
moved back again to the position shown in the photograph. 

The aeroplane is next placed in flying position with the tail on a 
trestle, and it is usual to confirm by means of a spirit level that the 
attitude of the aeroplane is exactly the same as in level flight. The dive- 
bombing inclinometer should then show zero ; but if the dashboard is a 
sloping one or for any other reason the zero is not correct, it is possible, 
by hand and by temporarily easing the pressure of the holder “ A,’’ to 
twist the body of the inchnometer round in either direction until the 
zero is correctly indicated. 


QUESTIONS AND ANSWERS 

What is the Reid Dive-Bombing Inclinometer ? 

An instrument for indicating steep angles of dive or climb which 
cannot be indicated by the normal liquid fore and aft level. 

Describe its Construction 

This instrument consists of an oil-damped circular pendulum swinging 
according to the angle at which the weighted part of the pendulum is 
deflected by gravity in relation to the case of the instrument. The 
close-fitting transparent-fronted case is provided with a datum line ; 
and when the aeroplane is flying level, the zero of the circular pendulum 
will be against that datum. 

What Provision is made against the Possibility of an Air Bubble Forming in 
the Inclinometer? 

There is a diaphragm within the instrument, for the expansion or 
contraction of the oil. 


15-2 
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Aerostat. 
(Lighter than air.) 


Airship. 
(All types.) 


Balloons. 
(All types.) 


NOMENCLATURE 

Aircraft. 


Aerodyne. 
(Heavier than air.) 


Ornithopter. Helicopter. Gyroplane. Aeroplane. Glider. Kite. 


I i 

Airframe. Engine. 


Seap] 


iane. 


Landplane. 


Amphibian. 


Float Seaplane. Boat Seaplane. 

(Flying Boat.) 


Float Amphibian. Boat Amphibian. 
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OF AIRCRAFT 

Aerodyne,—^Aircraft which derive their lift from aerodynamic forces. 

Aeroplane.—A mechanically driven aerodyne with fixed wings. 

Aerostat.—^Aircraft supported by their buoyancy. 

Aircraft.—^AU types of air-borne craft. 

Airframe.—^An aeroplane with the engine or engines removed. 

Airship.—^A mechanically driven aircraft which derives its hft from 
buoyancy. 

Amphibian.—^An aeroplane provided with the means of rising from or 
alighting on either land or water. 

Balloon.—An aerostat not mechanically driven ; rigid, semi-rigid or 
non-rigid. 

Boat Amphibian.—^An amphibian whose hull is also a means of support on 
water. 

Boat Seaplane.—A seaplane whose huU is also a means of support on 
water. 

Engine.—^The means of providing the motive power. 

Float Amphibian.—An amphibian with floats for arising from and alighting 
on water. 

Float Seaplane.—^A seaplane provided with floats for rising from and 
alighting on water. 

Glider.—^An aerodyne not mechanically driven, but with fixed wings. 

Gyroplane.—^An aerodyne in which support in flight is obtained by 
revolving aerofoils or rotors. 

Helicopter.—^An aerodyne for vertical ascent obtained by the reaction of 
the air on rotors. 

Kite.—^An aerodyne not mechanically driven but anchored or towed by 
. a hne. 

Landplane.—^An aerodyne provided with means for rising from or alighting 
on land. 

Ornithopter.—^An aerodyne whose support is obtained by the reaction of 
the air on wings wtdch are flapped mechanically. 

Seaplane,—^An aerodyne provided with means for rising from or alighting 
on water. 



THE DEVELOPMENT AND DESIGN 
OF IGNITION SCREENING HARNESS 
FOR AERO ENGINES 

By W. F. Bttbb 

T he interference caused by the ignition system of aero engines has 
been a source of trouble since the early days of aircraft radio. 

Each time a discharge occurs across the gap of a sparking plug, a 
highly damped wave train is radiated, which shock excites the radio 
receiving circuits and causes interference with reception. 

Telegraphic reception is, for obvious reasons, impaired to a less 
degree than telephonic reception, as, in the latter case, intelhgibility as 
well as audibihty of signals may be affected. On medium wavelengths 
suppression of the interference, though desirable, is not always essential 
either for telegraphic or telephonic reception, but with the growing 
popularity of aircraft direction finders and of short wave services for 
long distance commercial and small military aeroplanes, suppression is 
fast becoming a necessity. 

The Only Complete Cure for Radio Interference 

Interference varies greatly in different types of aeroplanes and with 
different equipment, often for no obvious reason. It can be mitigated 
by careful placiug of the aerial leads, or by screening only the switch 
leads running back from the magneto to the cockpit, but the only certain 
cure is complete shielding or screening of the whole ignition system, 
including the leads to the starting magneto when one is fitted. 

The terms shielding or screening as applied to this work mean housing 
the entire ignition system within a bonded and earthed metal sheath, 
and so con&iing the electrical fields which otherwise would be radiated 
in much the same way as feom a series of low-powered spark ” transmit¬ 
ters connected to aperiodic aerials. 

Mediardcal and Electrical DifiSculties 

It is more easy to satisfy the radio requirements in this respect than 
to overcome all the mechanical and electrical difficulties which arise. 

The reHahility and performance of the engine must not be prejudiced 
in the slightest degree, and maintenance problems must receive very 
careful consideration. 

The modem screening equipment for an engine is commonly termed 
a harness, and it is the aim of the harness designer to produce an equip¬ 
ment which is not only efficient from the radio and electrical point of 
view, but which will actually protect the ignition equipment from mechani- 
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eal damage and subsequent electrical breakdown. 
A harness meeting this requirement finds favour 
vdth the engine manufacturer and maintenance 
engineer who have a natural objection to the 
addition to engines of anything complicated, 
fragile, or heavier than need be. 

Interference Caused by Faulty Bonding 

The term bonding as applied to aircraft 
radio practice means that metal parts are inter¬ 
connected through a path of low electrical resist¬ 
ance and connected to '' earth.” By '' earth ” is 
meant the main metal mass of the aircraft which 
should be thoroughly ‘‘ bonded ” throughout. 
This mass is used for the wireless earth, and if there 
is uncertain or intermittent connection between 
adjacent metal parts, troublesome grating noises 
will cause bad interference with radio reception. 

The noises are caused by small electric charges 
which build up on isolated metal parts or parts 
which have only a high resistance or intermittent 
contact with the main mass. 

When the contact resistance varies, due to 
rubbing action or vibration, the electrical charge 
builds up and leaks away in an irregular manner, 
causing bonding noise which must not be con¬ 
fused with ignition noise. 



Fig. 1.—^The e.l.g.-mae- 

Early Elforts to Eliminate Interference coni plug and screen. 

Before dealing in detail with the modem type 
of harness, mention will be made of some of the earlier experimental work 
and troubles encountered. 

The first attempts in England, if not in the world, to tackle the inter¬ 
ference problem seriously were probably those made by the Marconi 
Company in 1920 in co-operation with the K.L.G. Co.; a sparking plug 
was developed with a screening cover which was used in conjunction 
with high tension cables covered with a closely woven tinned copper 
braiding. 

A number of engines were fitted with this screening equipment with 
useful results. 


Use of Metal Braided Cable Screening 

The development of metal braided cable was continued by the British 
Air ilinistry and in its much unproved form is still used to-day. 

The diameter and weight have been decreased and there is a layer of 
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varnished cambric under the metal braiding to protect the rubber from 
the effects of oil and ozone. 

Tinned phosphor bronze braiding is now preferred in place of copper 
but this type of high tension cable is definitely disliked and distrusted 
by many of those responsible for maintenance of commercial flying 
services. ® 

Troubles to Guard Against 

The chief troubles appear to be fretting of metal braiding, with the 
risk of the broken braid whes piercing the insulation, thus causing 
localised electric stress with consequent breakdown; also moisture 
retained by the braiding creeps along to the cable ends, causing bad 
leakage. 

Great care must be taken when preparing and finishing the ends of the 
cable, otherwise stray ends of braiding may be driven into the rubber. 

Similar cable of a smaller diameter is perfectly satisfactory for 
screening the low tension switch leads running from the magneto to the 
pilot’s cockpit and is used extensively for this purpose. 

The Standard System of Screening which has been Superseded by— 

.The standard system of screening which has been adopted up to this 
last year by the British Air Ministry calls for screened magneto and 
braided cable, as described above, carried up to the sparking plugs. The 
metal braiding at the plug end is connected to the base of the plug by 
a bonded lead. Smtch leads are screened and also leads to starting mag¬ 
netos. The metal braiding is bonded at least every 18 in. 

—the Modern Complete Harness 

The complete harness, which is now supplanting this system, offers 
less possibility of maintenance troubles, and at the same time provides 
the greater screening efficiency required by modern aeroplane wireless 
apparatus. 

The development of the modern harness was commenced in America 
and the quick development of the American type harness as a safe and 
serviceable assembly was undoubtedly due to the active co-operation 
between the American Bureau of Standards with other government 
departments, research laboratories and manufacturers. 

The American Bureau of Standards first evinced interest in shielding 
experiments in about 1926. The Navy Department later became inter¬ 
ested, and in co-operation with an American company developed a shielded 

Active work was carried on up to about 1930, by which time sound 
and practical harness for various types of engines had been evolved. 
Harness is now available for most types of American engines and there 
are several large corporations specialising in its manufacture. 
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During the course of the experimental work it was found, as indicated 
earher in this article, that the difficult part of the problem was to produce 
shielding equipment which was mechanically and electrically sound, so 
that the engine reliability was not prejudiced and also sufficiently robust 
and simple to please the engine people. 

Most of the American aeroplanes seen in England are equipped with 
fully screened ignition systems, and for the few not fitted standard equip¬ 
ment is available if required. Many of the Continental air liners also 
are so fitted. 

The Marconi Company, in co-operation with the Bristol Aeroplane 
Company, was first to develop and standardise a design which met 
the Air Ministry's stringent requirements, and is now occupied in bulk 
manufacture for various types of engine. 

Fully Screened Harness for a Radial Type Engine 

A description of the detail design and construction of a harness for 
a radial type engine can best be commenced by listing the components 
which have to be shielded. 

These are : ^ 

(а) The main magneto. 

(б) High tension leads to sparking plugs. 

(c) Sparking plugs. 

{d) Magneto switch leads and switches. 

(e) Starting magneto. 

( f) Leads for starting magneto. 

The whole screening harness must be watertight and oil-proof. 
Screening the Magneto 

The magneto must be supplied with a metal screen completely 
enclosir^ the high tension distributor block. This screen must be made 
with a tubular outlet or snout to connect to the flexible conduit which 
carries away the high tension cables from the magneto. It must also 
be so designed that the distributor block is easily accessible for wiring 
and inspection. 

High Tension Cables 

The hig;h tension cables, which should be constructed with ozone- 
resisting sheathing, are taken from the magneto distributor through a 
flexible metaUic conduit to a main distributing tubular manifold ring. 
This manifold ring has two large inlets which connect up to the large 
flexible conduits &om the two magneto distributor screens and bring 
in the high tension cables. 

Sparking Plugs 

The manifold ring is carried on the engine by suitable metal chps 
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and has small outlets around its circumference connecting by suitable 
unions to metal braided flexible metallic tubes, which carry" the high 
tension leads indiYidually to the respective sparking plugs. The sparking 
plu 2 s are constructed with screening sheaths enclosing the live terminal 
aiicfthe flexible metal tubes are connected by suitable unions. 

It will thus be seen that the whole of the high tension system is com¬ 
pletely cased in metal, and it is very important that every joint should be 
clamped metal to metal so that the whole system is completely bonded. 

Contact Breaker and Switch Wires 

The contact breaker on the magneto should be enclosed within a 
metal cover. 

The switch wires running from the contact breaker to the switches 
in the pilot’s cockpit should be metal braided and thoroughly bonded to 
earth at each end and at intermediate points. 

Auxiliary Starting Magneto 

The distributors on the main magnetos are generally provided with 
a coimection to which can be connected a high tension ^vire from an 
auxiliary magneto (hand operated) for starting purposes. 

It is necessary that this lead also should be screened and thoroughly 
bonded to the earth. 

A metal braided cable may be used for this or a plain cable as used 
in the main harness may be run in similar flexible metallic tube. 

A screening harness for a Bristol ‘‘ Pegasus ” engine is illustrated in 
Fig. 4. 

CONSTRUCTIONAL DETAILS AND POSSIBLE CAUSES OF TROUBLE 

Having now given a general description of a harness equipment, the 
next step is to consider points of detail construction and possible sources 
of trouble. 

The Distributor Screen 

We will start again at the magneto. The large flexible metallic tube 
joining up to the distributor screen should preferably be secured by a 
large union nut to the outlet snout on the screen. Locking means must 
be provided. 

The flexible tube must have sufficient freedom so that vibration trans¬ 
mitted back from the main manifold ring is damped out and does not 
tend to work ” the distributor screen. 

The interlock type of tube probably is best for this particular job 
and it should be covered with a tinned phosphor bronze wire braiding 
to ensure perfect screening. 

Aluminium braiding is unsuitable from a mechanical point of view. 

Aluminium may be used for the tube itself, but in tMs case the end 




[Bristol Aeroplane Co. Ltd. 

Pig. 3. Another view oe the screening ha^rness fitted to “ pegastts ” engine. 
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Fig , 4.—^^Marconi harness eor Bristol “ peoashs ” engine. 


fittings will have to be swaged on. Copper or brass will make a mncb 
more satisfactory mechanical and electrical job, although, of course, 
weight is shghtly increased. 

The main manifold ring may be made from brass or aluminium. Brass 
is certainly preferable, and it is not at such a very great disadvantage 
to aluminium in regard to weight, as a lighter gauge metal can be used. 

Fittiags can be brazed or silver soldered on and threads are much 
more robust. 

When junction fittings have to be added the greatest care must be 
taken that there are no sharp or rough edges which can damage the 
cables when they are drawn in. 
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Bends should be made as easy as possible. 

The large flexible tubes from the distributor screens can probably 
best be connected up to the fitting on the main manifold tube by a large 
union nut in the same manner as proposed for its other end. 

The unions for the small flexible tubes where they join the main 
manifold must ensure good bonding and a watertight connection. 

The small flexible tubes should be covered with a tinned phosphor 
bronze wire braiding. 

The tube should be capable of taking a fairly sharp bend without 
trouble developing in service. 

At the Sparking Plugs 

The union connecting to the sparking plug must make just as good a 
bond and particularly must be watertight, otherwise trouble will quicMy 
develop in the plug. 

The flexibles must be carefully cleated in position so that no strain 
comes on the plug. 

A variety of screened plugs and plug screens have been produced by 
English, American and Continental makers. 

A number of plugs are made with the screening sleeve integral with 
the body of the plug, in which case the mica Lining must be depended 
upon for the insulation. 

Some American manufacturers prefer a type where a large metal cup 
fits round the live terminal. 

In this type sufficient air-space can be allowed for insulation, although 
an additional insulating lining is sometimes fitted as an additional 
safeguard. 

Several English makers are producing sparking plugs for use with 
screening harness, notably the K.L.G. Company and Messrs. Lodge Bros. 

High Tension Cable 

The class of high tension cable developed for use with screening 
harness has an outer water- and oil-proof covering of lacquered or varnished 
cambric which also serves to prevent ozone from coming into contact 
with the rubber insulation. 

There is always a chance that a brushy discharge may occur inside 
the harness, and the ozone thus liberated would quickly play havoc 
with the rubber msulation of the cables if protection was not given. 

One particular make of cable incorporates Thiokol (ethylene tetra- 
sulphide) in the insulating covering under the cambric. This substance 
has very useful ozone-resisting properties. 

The Necessary Shielding for Other Types of Engine 

So far we have described a typical harness for a radial engine. Shield¬ 
ing is, of course, just as necessary for a straight in line ’’ or a V fyp® 
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ensine. The difference in make-up is really in mechanical shape only. 
Similar materials can be used and the same necessities of accessibility, 
n:eel:anieal soundness and good electrical bonding appR. 

Inspection and Tests of Harness 

Rigid inspection of harness components is necessary to ensure that 
there are no sharp edges on any fittings which may damage the cables 
and, of course, the inspection after assembly should be made particularly 
to note that all unions are properly seated. 

Electrical tests should check continuit}" of leads, electrical resistance 
from spark plug end of small flexible tubes to any part of main manifold 
tube or distributor end of large flexible tube (which should not exceed 
0*025 ohm.). 

High Voltage Test 

A high voltage test using a spark coil and a calibrated spark gap 
should be made to check the insulation of cables. The gap should be 
set for 15,000 volts breakdown. One side should be connected to one 
end of each cable in turn and the other side of gap should be earthed to 
the harness tube assembly. All cables should withstand this test. 

Radio Test in Flight 

The final test for the goodness of the bonding and screening of the 
aeroplane is, of course, a radio test, preferably in flight. 

A harness made up as described above and carefully installed should 
permit of satisfactory radio working well down into the ultra short 
wavelengths, but it must be remembered that should ever a single union 
work loose and cause a bad bond, a potential can be built up and radiation 
will take place with consequent noise interference. 

Careful inspection and maintenance is essential if the efficiency of 
the harness is to be maintained. 

Eliminating Interference from Dynamos 

It may not be out of place to mention here that the ignition system 
on the aeroplane is not the only offender as regards interference with 
radio reception. 

Charging and lighting dynamos, especially those which may be 
operating with voltage regulators of the vibrating contact type, can be 
very troublesome sources of interference. 

Radiation takes place not only from the dynamo and regulator, but 
also from the whole wiring system. 

Here again there is only one real cure, and that is enclosing the whole 
system m screened and bonded conduit with proper bonding unions on 
the components. 
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QUESTIONS AND ANSWERS 

What is Meant by Ignition Screening ? 

Housing the entire ignition system within a bonded and earthed 
metal sheath to prevent unwanted radiation. 

What Components of an Aero Engine must be Screened ? 

(a) The main magneto. 

(b) High tension leads to sparking plugs. 

(c) Sparking plugs. 

(d) Magneto switch leads and switches. 

(e) Starting magneto. 

(/) Leads for starting magneto. 

Does a Modern Screening Harness Serve any Purpose other than the Prevention 
of Electrical Interference ? 

Yes. It is designed in such a way that it also protects the ignition 
eq^uipment from mechanical damage. 

What is the Normal High Voltage Test for the Insulation of the Ignition Cables ? 
15,000. 

What is the most Important Point to Watch in Maintaining the Efficiency of 
the Ignition Screening Harness ? 

That the electrical bonding of the metallic sheathing is continuous 
throughout the system. 



AUTOMATIC ENGINE CONTROLS 

By E. W. Kmott, M.S.A.E. 

VIFJ'HEX aeroplane engines were of the normally aspirated kind, i.e., not 
W supercharged, or " blown to use a trade expression, the}’ required 
relatively little care and unless of the high compression type full throttle 
could be given at ground level. The advent of the '' blower however, 
while giving extraordinary improvement in performance, brought with 
it a host of responsibilities to the pilot in whose care the enghie was 
entrusted. Each year sees the same engine giving more power with a 
smaller specific consumption and this means that the engme requires 
more skilful and continuous attention if its normal life is to be maintained. 

The blower was the logical answer to the gradual loss of power as 
the engine gained altitude, the loss being due to the increasing lack of the 
oxygen necessary to burn properly the liquid fuel supplied to it. By using 
the blower to force air into the engine, the power developed at ground 
level could be maintained up to a given height, the height being known 
as the rated height, full throttle height or critical altitude, according 
to the various country of origin. An engine with a blower that will 
sustain ground atmospheric pressure up to say 10,000 ft. is known as a 
10,000 ft. engine, and it is obvious that with such an engine if the throttle 
is opened fully at ground level, the compression pressure and thereby 
the explosion pressure will rise far above normal, with disastrous results. 

In the early days of supercharged engines the phot’s throttle lever 
had a gated ” quadrant; in other words, a series of stops was provided 
to limit the throttle opening, each corresponding to a safe induction pipe 
pressure. So long as the phot observed this, the engine was safeguarded, 
but abuse of this simple device caused the early destruction of countless 
engines. With civil aeroplanes, flown under conditions where the phot 
had time to observe his instructions, the '' gated throttle ” was fairly 
satisfactory, but for military aeroplanes where rapid changes in altitude 
took place, the phot had too much to do, with the result that engines 
were either wrecked or had their life seriously shortened. 

Induction Pressure (Boost) Controls 

The first step to relieve the pilot of the responsibility for his engine 
boost pressure was the invention of the boost control. This was a device, 
using engine oh pressure for its motive power, which took the control 
of the carburetter throttle opening from the hands of the phot. Inter¬ 
posed between the carburetter throttle and the phot’s throttle lever was 
some linkage controhed by the boost control in such a fashion that if the 
phot opened his throttle lever further than the altitude caUed for, the 
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boost control took charge 
and limited the carburetter 
throttle opening. This de¬ 
vice was adjustable and it 
was possible to keep the 
induction pipe pressure 
constant up to the height 
to which the blower could 
sustain ground atmos¬ 
pheric pressure. At this 
altitude the carburetter 
throttle is fully opened 
and unless the aeroplane 
is dived at a speed where 
the airscrew forced the 
engine to a speed where 
the boost pressure goes 
be 5 "ond normal, the boost 
control remained inopera¬ 
tive until the aeroplane 
begins to descend below 
rated height. 

For some years all 
supercharged (blown) en¬ 
gines in Great Britain 
have been fitted with boost 
controls, and foreign coun- 


Fig. 1.-.ONE WAY OF APPLYING A BOOST CONTKOL begUlIUng tO TO- 

cognise their benefit and 
are rapidly adopiing them. Thus one responsibility was taken from the 
eavy load imposed on the pilot, with marked benefit to the engines 
and to the reputations of the firms who built them. 

Figure 1 shows diagrammatically one way of. applying a boost 
control itself consists of an airtight chamber coimected 
o ^ e pressure side of the blower and containing a stack of capsules, such 
as K commonly used in a barometer. These capsules are connected to a 
^+TLr^ ’^hich moves in one direction or the other, depending on 
w e er e caps^es expand or contract under the influence of changing 
oos pressure- Movement of the piston valve admits high pressure ofi 
^ other of a piston, known as the servo- 

^ piston operates the linkage interposed between the pilot’s 
thr<^tle lever and the carburetter throttle lever. 

fbflf piston valve and the servo-piston is such 

snuTilv fn conditions the valve tends to shut off the oil 

y sides of the piston and thereby keeps it stationary. This 
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is kno^vn as the pressure 

sensitive " posi- ^ screw 

tioii of the valve. 

If. due ro change in 
a It irude. engine load 
or speed, or change 
in tiirottle opening 
by the pilot moving 
his throttle lever, 
the induction pres¬ 
sure changes, the 
capsule will change 
in length, thereby 
motdng the piston 
valve. This, in turn, 
udll allow oil to flow 
TO one side or other 
of the servo -piston 
which, in turn, will 
alter the carburetter 
throttle opening 
until the induction 
pipe pressure once 
more returns to its 
original figure. It 
%tdll be seen there¬ 
fore that as the 
aeroplane climbs 
from the ground to 
its rated height (the 
height where full 
throttle opening gives ground atmospheric pressure) the throttle T^dll be 
gradually opened, the controlling factor being induction pipe pressure, 
which keeps constant. 

Once the engine reaches its fuU throttle height, any increase in altitude 
wiU cause a faU in power as the blower can no longer sustain any higher 
pressure. From there onwards a steady drop in powder will take place 
until a height is reached where the power output of the engine is insuffi¬ 
cient to lift the aeroplane any higher. This height is known as the 
aeroplane's ceiling. 

Figure 2 shows diagrammatically the capsule, piston valve and 
servo-piston and Fig. 3 shows how, although the pilot has opened wide 
his throttle on the ground, the boost control has taken charge of the 
carburetter throttle opening. Figure 4 shows a power output curve 
for an engine supercharged to 10,000 ft. 

17—2 
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Fig, 3.—^E^oost control in slow-running position. 


It will be noticed 
that the power m- 
creases as the aero¬ 
plane climbs to its 
rated height. There¬ 
after the boost con¬ 
trol can do no more 
and the carburetter 
throttle responds to 
the pilot’s throttle 
lever as with a nor¬ 
mally aspirated en¬ 
gine, the linkage 
pivoting about the 
point “ X ” (Fig. 8). 
The increase up to 
rated height is due 
to the reduction in 
back pressure on the 
engine exhaust out¬ 
lets, and in this case 
after 10,000 ft. the 
power drops steadily 
with further increase 
in altitude. It is 
this variation in ex¬ 
haust back pressure 
that makes the cali¬ 
bration of automatic 
mixture controls so 


difficult at ground level, as except by the use of large and expensive 
plant—of which there are only about five in the whole world—altitude 
(and temperature) conditions caimot be exactly reproduced. 

Several types of boost control are made, the direction of movement of 
the piston from ground ” to altitude ” varying according to the layout 
of the linkage. Fig. 5 shows a boost control in the slow-running condition 
(movement of piston opposite to Fig. 3) and Fig. 6 shows it controUing 
at normal boost ground level, the carburetter throttle being partly shut 
although the pilot’s lever is fully open. 

In actual practice it is found desirable to keep a small quantity of 
oil circulating through the boost control to prevent freezing or sluggish 
action due to cold. It is customary therefore to have a small leak hole 
in the servo-piston of approximately mm., so that in order to keep 
the pressure on the piston steady the piston valve must be slightly off the 
sensitive position. It has also been found that on rare occasions if the 
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valve was in the 
sensitive position, 
the boost control 
was inclined to 
surge, ill other 
words the throttle 
was opened and 
shut with a rhy¬ 
thmic action. By 
haling a leak hole 
in the piston, this 
was overcome and 
is a legitimate 
method of curing 
surge. Too large 
a hole, however, 
causes loss of 
pressure on the 
piston, which 
means loss of 
power and the 
hole should never 
be larger than li 
mm., working oil 
pressure and tem- 
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Fig, 4.—A powEE output cueve foe 10,000 ft. excixe. 



perature being the deciding factor of the size. 

Surging can also be caused hy the following :— 

1. Too small a connecting pipe between the blower and the boost 
control. 


2. Play or w’ear in the linkage. 

3. Tight spots in the linkage so that it is free in one position and 
tight in another. 


4. Air in the oil pipe line. 

5. Intermittent slip of the supercharger clutch. 

6. Blower surge. 


Adjusting the Boost Control 

With the engine at correct temperature, the throttle should be opened 
up slowly until slightly more than the required boost pressure is obtained. 
The adjustmg screw should then be unscrewed until the boost pressure 
drops to the required figure and the screw then locked. The piloUs 
throttle should then be capable of being opened fully without the boost 
pressure exceeding the set figure. If the pilot’s lever can be opened 
fully without the boost pressure reaching the required figure, the adjusting 
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SLOW RUNNING. 

5. SeBVO PISTOK IN “ ALTITUDE POSITION. 


screw must be 
screwed in 
(clockwise) 
until the cor¬ 
rect boost pres¬ 
sure is indi¬ 
cated. 

Boost pres¬ 
sure is describ- 

It may be de- 
scribed in 
inches or milli¬ 
metres of mer¬ 
cury absolute, 
which is nor- 
mal atmos¬ 
pheric pressure 
plus or minus 
the pressure in 
the induction 
pipe. Such an 
example would 
be 760 + say 
100mm. ofmer- 
cury (Hg.). On 
the other hand, 
the pressure 
may be read 
off the boost 
pressure gauge 
in pounds per 
square inch. If 
the pressure is 
equal to the 
atmosphere, it 
is said to be 
zero or nought 
boost; if above, 


., the boost is 

said to be (for example) plus 4 lbs. and if below atmospheric (for example) 

engine supercharged to only 5,000 or 6,000 ft. 
a low supercharged engine, while one supercharged 
■R ’ ^ 14:,000 ft. would be described as a high supercharged engine, 

eyon his height a single blower begins to get inefficient and if it is 
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HLSTS THROTTLE. CONTRCL 


FUL.U throttle at G,»TLNC LEvEL- 


required to maintain ground atmospheric pressure in the induction pipe 
much beyond this height, two-stage or two-speed blowers are necessa^^ 
ibis degree of supercharging heats the mixture to an extent where 
expansion causes loss of filling of the cylinders which somewhat negatives 



264 [VOL. L] PRINCIPLES AND CONSTRUCTION 

the effect of the additional supercharge. Intercoolers become necessary 
and as the higher temperature may cause detonation, special fuels may 
also be necessary^ ivitli two-stage blowers. 

Throttle Curves on Supercharged Engines 

Assume a supercharged engine '' blown ’’ to 10,000 ft. and on which 
it is not permissible to open the throttle at ground (sea) level more than 
26 degrees out of a total opening of 75 degrees. This 26 degrees opening 
will correspond to a certain boost (induction pipe) pressure; the boost 
control has been adjusted to maintain this pressure and wiU hold the 
carburetter throttle at 26 degrees from the slow running position. Assume 
the engine to be ticking over slowly. If the pilot’s lever is opened up 
slowly, the engine will speed up until the boost pressure reaches the 
figure corresponding to 25 degrees throttle opening, the linkage up to 
this opening being mechanically operated by the pilot’s lever, which 
means that with the pilot’s lever 25 degrees open, the carburetter throttle 
lever w^ill he 25 degrees open. This is the point where the boost control 
takes charge and any further movement of the pilot’s lever beyond 
25 degrees has no effect on power output. In effect the pilot can leave his 
lever anywhere betw^een 25 degrees and 75 degrees without change in 
power. 

If, therefore, the aeroplane is flown near the ground at 25 degrees 
throttle opening and the pilot wishes to cruise at a lower and more 
economical speed, he must be able to close the carburetter throttle a few 
degrees and cut out his power jet. If, as is done in some carburetters, 
the power jet opening is mechanically timed off the throttle opening, it 
would be necessary to have the power jet come into action at, say, 
20 degrees. Let us see what happens as the aeroplane climbs to, say, 
5,000 ft. The air is rarer and the boost control wiU have opened the 
throttle steadily to say, 50 degrees in order to maintain ground atmos¬ 
pheric pressure. EuU power (with power jet in action) is represented 
therefore by 50 degrees carburetter throttle opening and any opening 
not less than 50 degrees of the pUot’s throttle lever. SimUarly, any 
position of the pUot’s lever between 50 degrees and 75 degrees will not 
cause change in power as the boost control is in charge of the carburetter 
throttle opening. 

If now the pUot vdshes to cruise at lower speed, he will have to close 
his throttle a few degrees below 50, but as the power jet has been set 
to cut in and out at 20 degrees, he cannot cut it out by a few degrees 
less opening and is compelled to cruise on a full-power mixture strength, 
which means that he is using unnecessary fuel and reducing the range of 
the aeroplane. Similar remarks apply to 10,000 ft. conditions where both 
the carburetter throttle and the pUot’s throttle lever must be 75 degrees 
open to obtain full power. There again it will be impossible to close the 
throttle slightly and cruise on an economical mixture as the power jet 
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comes in at a fixed 20 degrees from slow running, and to be able to cruise 
economically at any altitude, it is obvious that the time when the power 
jet valve must be opened and closed must vary and this is known as 
traversing the poicer jet. 

Figure 7a shows the necessity for this. Curve CDA shows the throttle 
curve at ground level, the power jet coming into action at D corre¬ 
sponding to 20 degrees carburetter throttle opening. Curve CDEB shows 
the throttle curve at 5,000 ft. vith the power jet coming in at E a 
few degrees less than 50 degrees. Curve CDEF and then up to full 
strength shows the tlirottle curve at 10,000 ft. (rated height) with the 
power jet coming in at F. The actual relation between full power mixture 
strength and cruising mixture strength has been exaggerated in Fig. 7a 
for the sake of clearness and while representing actually what happens 
is diagrammatic onlt’. 

Some short time ago, an invention was patented with the idea of 
eliminating the lost motion in the pilot’s lever below rated height, and 
incidentally it brought with it several additional advantages. Its action 
is best described as follows :— 

Assume that the boost control has been adjusted to give the correct 
induction pressure at ground level and that the engine is running under 
these conditions, i.e., full power on the ground, and that as the ‘pilot's 
throttle lever is slowly and progressively closed from its full open position, 
the boost pressure adjusting screw is slowly and progressively unscrewed 
so that the pOot's lever closing is accompanied by a progressive lowering 
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Fig. 7b. —vabiable datum boost contbol. 

The lever and cam connected to the pilot’s throttle lever can be seen at the 
top. Only two of the capsules are indicated. 


of the boost pressure until it reaches the slow running position. Having 
reached this position, open the lever under the same conditions, but raise 
the boost pressure by screwing in the boost adjusting screw. How sub¬ 
stitute for this somewhat cumbersome method of adjusting the boost 
pressure a cam which will do the same thing, which cam is operated by 
the pilot’s lever. 

It is now obvious that full boost at any level between the ground and 
rated height can only be obtained with the pilot’s lever fully open and 
that each partial movement of the lever will give a change in boost 
pressure strictly proportional to the angle through which the lever has 
been moved. In other words the engine behaves hke an unsupercharged 
one, there being no lost motion ” of the pilot’s lever. 

The obvious thing to do now is to have the opening of the power 
jet timed by the pilot’s lever and not by the carburetter throttle. This 
cam device is known as a Variable Datum Cam and the boost control 
using it as a Variable Datum Boost Control. See Dig. 7b. 






AUTOMATIC ENGINE CONTROLS 


[VOL. I.] 267 


Period of losf mofion on 



Fig. 8.—Diefebence between boost pbesstjee oueves of old type boost contbol 

AND THE VABIABLE DATUM TYPE. 


Figure 8 shows the difference in the shape of the boost pressure 
curves for different positions of the pilot’s throttle lever. 

With the original boost control, the boost pressure at or near ground 
level shot up suddenly with a relatively small movement of the pilot’s 
lever until it reached rated boost pressure, after which it remained steady 
irrespective of the position of the pilot’s lever beyond the opening 
corresponding to it. This made exact control of engine speed under 
certain cruising conditions very difficult and this showed up particularly 
in formation flying. Also, what was more serious, it was possible to get 
full power output on a cruising mixture strength, i.e., without the power 
jet in. Reference to Fig. 8 will show that if the pilot left his throttle 
lever at any position between that corresponding to ground level and 
that, just before it opened the power jet valve, fuU boost is obtained on 
weak mixture, which means high temperatures and danger of piston 
seizure. 

Comparison with the curve given by the variable datum scheme shows 
a steady rise in boost pressure and that at the time the power jet begins 
to feed its extra fuel, full boost has not been obtained. Only when the 
pilot’s lever is as far open as it can go is full boost obtained, and the 
pilot has under his control an engine extremely flexible in its power 
control and one with which at any height he can always go to economical 
cruising speeds by closing his throttle lever! This form of boost control 
has rendered obsolete all previous kinds and its importance cannot be 
over-emphasised and is the only known method by which the power jet 
timing can be traversed. 
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Fig. 9 shows how 
the power output 
is strictly progres¬ 
sive with pilot’s 
lever opening. It 
will be noticed that 
although normal 
boost is obtained on 
the ground with 
only 35^^ carburetter 
70 * throttle opening, the 

pilot’s lever is fully 
2 open (70°) and its 
5o“ ^ shape corresponds 

exactly to the 
B.H.P. curve. The 
^ lowest curve marked 
20 g W.M.M.P. (weakest 
5 mixture for maxi¬ 
mum power) should 
° be parallel to the 
normal throttle 

Fig. 9. —Theottle ctteve with variable datum boost ourve throughout 

CONTROL. the cruising range. 

Boost pressure is 

not solely related to power output. Ignition timing and to some extent 
the control of heat to the carburetter intake are also influenced by boost 
pressure. With the variable datum scheme, it is of great advantage to 



control the ignition tuning by the pilot’s throttle lever, arranging it 
so that the ignition is retarded for starting and slow miming, advanced 
throughout the cruising range (where it aids economy) and retards it 
again under full power conditions. Similarly by controlling the hot and 
cold air intakes or other heating devices, hot air can be supplied during 
slow running and cruising conditions and cold air at full load conditions. 

However, in order that the pilot can avoid ice forming in the 
induction system when the aeroplane is flying under conditions of severe 

_ cold or snow 

he should have 
an over-riding 
device where¬ 
by some hot 
air can be ob¬ 
tained under 
full load con¬ 
ditions. 


Fig. 10. —EX¬ 
TERNALLY AD¬ 
JUSTABLE b/c 
PISTON STOP. 
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BOOST-CONTROL PISTON STOP 

When a boost control is adjusted on the test bench to control the 
induction pipe pressure to the desued limit (normal boost), the piston 
win take up a position somewhere between its two extreme limits of 
moTement and will be held there by the oil pressure. Should the oil 
pressure fail, the piston can move to the end of the cylinder, which 
means that the linkage will close the carbm’etter throttle. Any move¬ 
ment of his lever by the pilot will cause the linkage to swing about a 
point controlled by the piston at the extreme end of its stroke and this 
means that the carburetter throttle wiU not open sufficiently to develop 
enough power for the aeroplane to fly safely. To prevent such a con¬ 
tingency a stop is provided which hmits the movement of the piston 
towards the " ground ” position. This stop is adjusted to such a length 
that it does not quite touch the piston in its normal boost position by 
approximately earlier models of boost controls this stop 

consisted of either a washer of the required thickness on the piston rod 
or a pin riveted in the piston itself, which pin bottomed on the end of the 
cylinder, but as its length varied slightly from engine to engine of the same 
type and make, the boost control piston and cylinder had to be stripped ’’ 
each time it was necessary to file the pin to the required length. Such a 
pin is shown in Fig. 6. Later models had an adjustable pin, the length 
of which could be adjusted with a screwdriver from outside the boost 
control, and such an adjustment is shown in Fig. 10, 

Before adjusting the boost control, the stop should be slackened 
back so that there is no risk of it limiting the piston movement when it 
tries to take up its normal boost position. When the piston has settled 
dovm, the stop can be screwed in until it touches the piston and then 
unscrewed to a point where at least nine-tenths ground power can be 
obtained if the piston is pushed against the stop, thereby ensuring that 
should the oil pressure fail, the pilot will have sufficient reserve of power 
to fly with safety. 


Take-off Power 

As mentioned under Carburation,’’ additional power beyond normal 
maximum ground power can be obtained for a short period during take-off 
if extra-rich mixture is provided. As the boost control is limiting the 
carburetter throttle opening, some means must be provided to force the 
boost control to give a slightly larger throttle opening, and is knovm as 
over-riding the boost control. In view of the increased compression and 
expansion pressures as well as cylinder temperatures, it is imperative 
that from 10 to 15 per cent, increase in mixture strength is given (average 
12 per cent.) to prevent detonation and provide some form of internal 
cooling for the cylinder. In the Hobson scheme the boost over-ride 
and the enrichment jet are interlocked so that one cannot be used without 



270 [VOL. I.] PRINCIPLES AND CONSTRUCTION 

the other, the enrichment jet coming into action sKghtly earlier than the 
over-ride action. 

There are two ways of obtaining boost over-ride : (1) mechanical 
method, and (2) airleak method. The mechanical over-ride consists of a 
fork-ended lever which, when moved, pushes the whole capsule assembly 
in the boost control away from the adjustment end. The amount of 
movement can be altered by an adjustment and this is locked to prevent 
variation of boost pressure when the control lever is moved to the over¬ 
ride position. Movement of the capsule means movement of the control 
valve, and as the ports are uncovered, oil flows and moves the piston. 
This, in turn, through the linkage, opens the carburetter throttle and the 
boost pressure rises. The increase in boost pressure is communicated 
to the capsule chamber, compresses the capsule and draws back the 
valve to shut ofi the oil supply. This means that the boost control 
settles down to control at a higher boost pressure and therefore, power 
output, during which the enrichment valve is supplying the ne 
extra fuel. The increased power, especially if used in conjunction 
with a constant speed or controllable-pitch airscrew, is of the greatest 
help in getting off the ground in the shortest possible time and assisting 
in a rapid climb. When safely clear of any possible obstacles, the 
over-ride may be put out of action and the aeroplane allowed to climb on 
normal full power. 

The '' air-leak ’’ over-ride is a method whereby a larger throttle 
opening is obtained on the ground for take-off purposes by allowing 
some of the pressure to leak from the boost control capsule chamber at a 
steady and accurately controlled rate. In addition to the pipe connecting 
the capsule chamber to the pressure side of the blower is another pipe 
connected to the suction side. Normally, this latter pipe is closed by a 
valve called the over-ride valve. The inlet pipe elbow on the capsule 
chamber has a small jet of the “ plate type and is known as a sharp- 
edged orifice, and the outlet pipe has a venturi, this combination of 
orifices having been found to be least affected by external influences such 
as temperature, etc. This is shown in Fig. 11. Fig, 12 shows normal 
and take-off H.P. curves. 

By carefully regulating the relative size of the sharp-edged orifice 
and the venturi, an exact drop in pressure in the capsule chamber can be 
repeatedly obtained each time the over-ride valve is opened. This 
drop in pressure causes the capsule to expand, which in turn pushes the 
control valve in the same direction as with the mechanical type of over¬ 
ride, thereby giving a definite increase in throttle opening. 

Calibration of Venturi 

^ When once the correct size of the throat in the venturi has been found 
it is flowed ” on a jet-calibrating machine, and its flow in cubic centi¬ 
metres per minute recorded so that all further supplies for that particular 
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combination of carburetter and engine can be accurately repeated. 
The sharp-edged orifice is carefully drilled. If on opening the over¬ 
ride valve the boost pressure increase is insufficient, it is a sign that the 
orifice is too large, while on the other hand, if the pressure rises too high, 
it will be necessarj- to open up the hole until the required drop across the 
capsule chamber is obtained. This alteration in size should be done with 
a jet reamer, a very httle at a time, as a small alteration in size gives 
quite an appreciable change in boost pressure. It is essential that the 
sharp-edged orifice is the controlling factor on the pressure side, and this 
is why too small a pipe, with its internal friction, can cause surging. The 
over-ride valve and the enrichment valve are to-day invariably built 
into the carburetter and are operated by two cams fiied on a common 
shaft. By arranging the enrichment cam to start opening its valve a 
few degrees before the over-ride valve starts to open, fuel reaches the 
engine before the boost pressure goes up and momentary detonation is 
thereby avoided. 

Every Hobson boost control has a mark number to identify it, as the 
general shape and working conditions var}’ with each make and 
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type of engine. 
Working oil tem- 
peratures and 
pressures vary as 
well as the amount 
of over-ride, so 
each separate t;; 
of boost cont 
has its own t 
schedule, giv. 
the following (. 
tails with whic 
each control mu 
comply :— 

(1) Size of leak 
hole in piston 

mm.). 

(2) Working oil 

pressure 
(varies 
tween 40 r 
90 lbs. per 
square inch). 

(3) Working oi 
temperature 
(varies be¬ 
tween 70 and 
90° C.). 

(4) Oil flow with 


valve central, 

i.e., both ports closed. This shows permissible leakage past 
valve. 


(5) Oil flow with valve 0*060 in. on either side of central position. 

(6) Length of piston stop if not adjustable. 

( i ) Calibration of venturi in cubic centimetres. 

(8) Change of pressure in capsule chamber required to make piston 
move from one end of cylinder to the other. Regulations call 
for a change of not more than I lb. per square inch, except in 
isolated cases. 

Tig. 13 shows a boost control test rig. The control is fixed firmly 
in position and^ connected up to a source of hot-oil supply at the correct 
pressure. Against the end of the valve is fixed a clock gauge reading in 
1 4 . ^ background will be seen the oil tank fitted with an 

e ec rica immersion type heater. Above the tank is a distant-reading 
ermome er, on the right is an oil pressure gauge and a mercury gauge 
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for reading the cap¬ 
sule chamber pres¬ 
sure. The boost 
control must be 
sufficiently sensitive 
that a maximum 
■ ' e movement of 
12 in. either side 
le centre position 
Ad cause the 
i .:On to travel from 
e end to the other. 
3 amount of oil 
,ssed in a given 
time is checked with 
a stop watch and a 
measure to ensure 
that it comes within 
the limits set out in 
th^ test schedule for 
particular type. 
The fit of the 
ilve in the body 
Important. Aft er 
oeveral manufactur¬ 
ing processes it is 
ground to verj^ fine 
limits and then lap- 
oed into the body. 
V^Tien lightly lubri¬ 



cated it should just 13 .—Boost control test big. 

slide through by its 

own weight (see" Fig. 14). The greatest care must be taken in handling 
these valves to avoid damage, and when assembling the boost control 
everv part must be scrupulously clean. Lnion nuts and orifices must 
be blanked oS until the control is required and after lightly oiling all steel 
parts the control should be well wrapped in grease-proof paper and kept 
in a drv place. The capsules are made of specially tempered steel. 
Exactly" the right amount of air is left inside them before sealing to 
compensate for temperature changes and on no account should any 
other tvpe be fitted or trouble will occur through fatigue and fracture of 
the metal as well as incorrect and insensitive control of boost pressiue. 


Boost-Control Linkage 

There are two main types of linkage, one in which there are hinged 

]iS 
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Fig. 14. —Cheokintg the fit of a boost control valve. 


links between the carburetter throttle lever and the pilot’s throttle 
lever, the length of which is altered by the boost control as in Fig, 3. 
The other consists of a swinging fulcrum. The connection between the 
pilot’s lever and the carburetter throttle pivots on the fulcrum pin, whilst 
the boost control shifts the position of the fulcrum pin. The design of 
both call for considerable experience and with the former it is essential 
that the l ink s go to their least bent position under slow^-running conditions. 

In a few isolated cases the necessary oil pressure drops so low at tick- 
over speed that it is insufficient to support the piston. The result is 
that when the pilot’s lever is moved towards the '"open” position, 
instead of the carburetter throttle being opened, the piston is forced 
towards the ground ” position until it reaches the stop, when the 
throttle opens more or less suddenly and the engine speeds up more 
rapidly than desirable. In such cases the piston is assisted to remain in 
the slow-running (altitude) position by a spring which may be attached 
externally or fitted inside the servo piston cylinder. The exact strength 
must be carefuUy chosen, as if too strong, excessive boost pressures will 
be the result and the piston may be sluggish in operation in one direction. 


Boost Pressiare and Mixture Strength 

In the Hobson Master-Control Scheme different boost pressures 
are correlated with their appropriate mixture strengths, but as the mixture 
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strength is aiiioiiiatieally controlled from sea-level to the ceiling of the 
aeroplane the scheme will be easier to understand if autciniatie mixture 
controls are dealt tvitli first. 

Ever since aeroplanes v'ere able to iiy at altitudes where it was 
necessary for the mixture strength to be weakened, innumerable eftorts 
have been made to construct devices that would by aiitoniatically givhig 
the correct mixture strength at any altitude, take away from the pilot 
the irksome duty of watching an altimeter and moving a mixture lever 
to its correct setting. Tapered needles controlling fuel flow through 
orifices have proved to be unsatisfactory. Putting suction in the space 
above the fuel in the float chamber will control mixture strength, but is 
affected by varting tlirottle openings. The primary condition for an 
automatic mixture control is that it shall be affected by altitude only 
and not by amuhing else. In addition, the shape of the throttle curve 
given by the carburetter is important and to obtain the most efficient 
results with any automatic mixture control it is essential that the mixture 
control valve of the carburetter gives equal and progressive changes in 
mixture strength with equal and progressive movements of the mixture 
control lever. If changes occur in mixture strength for any given setting 
of the mixture lever, due to alteration of throttle opening or the speed 
of the aeroplane, then the adaption of an automatic mixture control is 
not efficient. 

Modern aeroplane carburetters require a mixture control capable of 
weakening the mixture strength by at least 4() per cent., and it is only 
too obvious that with a range of mixture strength as generous as this, it 
can be abused either by carelessness, inexperience or distraction of tlie 
pilot's attention. On the one hand, excessive use of the mixture control 
can cause damage to the engine through overheathig from mixturevS 
being too weak, and on the other hand, w'astage of fuel will reduce the 
anticipated range of the aeroplane. Many attempts on long distance records 
have failed through the incorrect use or abuse of the mixture control. 

After many years of experimenting, a device known as the Hobson- 
Pemi Automatic i\Exture Control was patented, which was based on a 
principle quite different to all previous methods and wliieli took advantage 
of the following discovery. It is a well-knowm fact that as mixture 
strengths are weakened to the point where maximum pow'er is obtained 
vdth minimum fuel consumption—known as W.M.M.P.—engine tem¬ 
peratures rise to a dangerously high point, and carburetter settings are 
always fixed at a mixture strength sufficiently richer tlian this point to 
be safe, usually about 10 j>er cent. 

It was found, however, that if mixture strengths considerably weaker 
than that known as W.M.M.P. were used, temperatures fell if the mixture 
%vas made weak enough to cause also a fail in engine revolutions. This 
drop in revolutions was found to be best limited to about 3 per cent. ; 
if taken too low the engine became unsteady. 
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A Typical Curve 

A typical curve is seen in Fig. 15^ in which C ’’ shows the relative 
mixture strength and temperature known as W.M.M.P., a condition that 
must always be avoided when flying. B ” shows the normal safe 
mixture for full power conditions approximately 10 per cent, richer than 
W.M.M.P., while A ” shows the over-rich mixture necessary for take-ofi 
conditions. D ” shows the cruising mixture strength giving a drop in 
revolutions with steady running and safe temperatures. 

The Hobson-Penn Automatic Mixture-Control 

The Hobson-Penn Automatic Mixture-Control has two distinct 
settings, one for maximum powder and manceuvrability, known as normal— 
'' Rich Automatic ”—and the other for maximum economy with reduced 
engine revolutions known as Weak Automatic.” ‘‘Rich Automatic” 
corresponds to the condition shown at “ B ” on Fig. 15, and “ Weak Auto¬ 
matic ” to the condition “ D,” it being impossible to run the engine with 
a mixture strength and temperature as at “ C.” At the same time the 
mixture is automatically corrected for altitude, not merely to the engine’s 
rated height, but to the aeroplane’s ceiling. Prolonged tests have shown 
that when properly installed this device wiU, on an average, increase the 
cruising range by 20 per cent, over that obtained by the average pilot. 

The advantage of such a device in the hands of unskilled pilots is 
obvious, as a difference of as much as 60 per cent, in fuel consumption is 

frequently recorded 
between aeroplanes 
of the same type 
when flown by 
different pilots 
under identical 
conditions. 

Fig. 16 shows 
the construction of 
the Hobson-Penn 
Automatic Mixture 
Control. It con¬ 
tains a barometric 
bellows, a piston 
valve and servo- 
piston mechanism 
somewhat like the 
Hobson boost con¬ 
trol, but differing 
follows. The 
capsule chamber is 
open to atmos- 


FUEL CONSUMPTION OR ALTITUDE VALVE OPENIMG 



CYI.INDE: 


Fig , 15. —CuBVES of ivuxtuiie strengths and 
TEMPEEATTJRES. 

(C) weakest mixture for mamtaining power ; (B) norms 
power ^ture (“ Rich Automatic *’); (D) cruising mixtui 
strength, giving drop in revs, with safe drop in temperatur 
and steady running (« Weak Automatic ”); (A) twelve pe 
cent, richer than (B) for take-off boost. 
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phere, and one end of the cap- " 
sule is so arranged that a change j 
of air pressure causes a small j 
niovemerit of the servo piston ; 
and nor a complete one as in ■ 
the boost control. Surrounding 
the piston valve is a rotatable ' 
sleeve having two sets of holes 
at different heights. When the • 
sleeve is turned in one direction ; 
the upper holes become the oil ; 
controlling ports. If the sleeve | 
is turned through 90 degrees j 
these ports become inoperative,, i 
and the two lower ones come j 
into action, and as for any con- | 
stant altitude the servo piston ; 
always moves to a position | 
where it closes off the oil supply •: 
to both sides of the piston, I 
changing from one set of holes i 
to the other will cause a jump i 
in the piston movement dej^end- ■ 
ing on how far apart the holes 1 
are. As the servo piston is ■: 
coupled to the altitude valve of ; 
the carburetter, it is obvious 



that near the ground the piston. ^"^9^ 16 .— Section of hobson-pexn automatic 
1 1 r* -U 1 MIXTURE COXTKOL. 

as shown m Fig. It), will be at 
the top of its stroke if the 

sleeve is in the Rich Automatic position. On the sleeve being 
turned to the ” Weak Automatic " position the piston near ground 
level will immediately mov'e to some other position lower down, thereby 
giving a weaker mix ture. The exact amount of movement to produce 
the required drop in revolurions and temperature cannot be accurate^ 
calculated, and flight tests at various heights and engine speeds are 
necessary to determine the required characteristics of both engine and 
carburetter. Once found for any particular combinations of engine and 
carburetter, the necessary linlcage, etc,, can be reproduced with great 
accuraev. The distance between the holes in the sleeve depends on the 
difference in mixture strengths required to give the necessary drop in 
revolutions from the power setting to the economy setting. This varies 
with different tvpcs of engine and the sleev'es are standardised ^ v ith 
about five different spacings for the holes, and are known as A, 
0,’’ '' D and E sleeves, an A ” sleeve giving the 
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-5“ 0° 5“ 15° 35° 45‘ SS" 


ALTITUDE VALVE OPENING. 

Fig. 17. -TYPICAL mixtxibe conttrol curve oe a claudel-hobsok aircraft 

CARBURETTER. 

It will be noticed that there is a 5® overlap of the valve in. the closed (Rich) position. 


%MIXTURE COh 
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Hi ore 111 e 11T o n 
change-over and an 
" E " .-leeve the 
greatest. Fig. IT 
shows a correct 
m i X t u r e control 
curve taken on a 
carburetter during a 
''blower'' test, 
which test will be 
described later. 
Fig. IS shows a 
W.M.M.P. curve, 
also the normal 



Fig, 2S.—''Rich automatic,” w.m.m.p. and " vteax 

AUTOMATIC ” CURVES. 


throttle curve (Rich Automatic), as veil as the Weak Automatic 
curve ; they must all be parallel throughout the cruising range. If 
the mixture control curve of the carburetter is not a straight line and 
is affected by varying throttle oj)enings, the cruising portion of the 
throttle curve will vary in shape at different heights and speeds. Any 
variation from a strictly horizontal position viU mean incorrect imsttne 
strengths, possibly too weak m places, but mainly too rich and therefore 
wasteful. 


On more than one occasion automatic mixture controls of the single- 


stage tj-pe have failed through pmicture of the bellows, this causing the 
mixture to ao to altitude conditions with the result that, as the 


aeroplane descended, the engine stopped owing to weakness, and the pilot 
had to make a '' dead " landing. The capsules were therefore spring- 
loaded so that in case of breakage the control went to the “ ground rich ■’ 
position. This meant that there was no automatic control of mixture 
strength and the aeroplane's cruising range was badly reduced, as the 
pilot was compelled to fly on unnecessarily rich mixtures. With the 
Hobson-Peim device this camiot happen for two reasons. The barometric 
portion of this instrument is not a plant bellows of the concertina type, 
but a nest of seven separate capsules held in a sprmg-loaded casing 
which, w hil e allowing the capsules to exjtand and contract, keeps them in 
contact. Failure of one capsule means only a small alteration in mixture 
strength and even if more than one went out of action, the pilot can 
always move his control to the " Rich Automatic ’ setting and obtain a 
safe "mixture without losing much of his cruising range. The second 
safety device comes into action if through the presence of dirt in the oil, 
the valve sticks inside the sleeve. Should this happen, the piston 
moves until the sprmg surrounding the capsule chamber becomes coil- 
bound, after which the full pressure of the piston is placed on the valve 
and so frees it. The piston then returns to the setting correct for the 





Fig . 19, —Testeng the automatic mixture control on a carburetter. 

On the left is a vacuum pump. The carburetter is fitted with a dial and a pointer to 
register the movement of the Automatic Mixture Control at various altitudes. 

altitude at which it happens to be. The testing apparatus is seen in 
Kgs. 19 and 20. 

Three-phase Boost Controls 

It has already been demonstrated how power output is intimately 
linked up with mixture strength, three different mixture strengths being 
desirable, viz., (i) cruising mixture (weak for maximum economy), 
(ii) normal rich for rated boost conditions, and (iii) over-rich for take-off 
conditions. 

To reduce the number of responsibilities placed on the pilot, the 
Hobson Three-phase Boost Control was devised, and with this each range of 
boost pressure is automatically given its most suitable mixture strength. 
It was therefore arranged that, while keeping the variable datum action 
to ensure smooth control of engine power, the whole capsule assembly 
should be given, not merely one definite displacement as previously 
explained with regard to mechanical over-ride, but three definite dis¬ 
placements. In effect, this means three distinct ranges of boost pressure. 

It was arranged that by means of three separate cams of varying lifts, 
the capsule assembly could he given three different settings or datum 
lines from which to start controlling the boost pressure. By means of 
adjusting screws the movement given by each cam. could be regulated 
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lowing reason, 
ference to Fig; 


and individual adjustment of each stage of boost pressure niaintained 
to the desired ngure. 

It will be recalled that the Hobson-Penn Automatic Mixture Control 
lias only two main mixture settings under the control of the pilot, Rich 
Automatic" and “Weak Automatic,and by coupling up the three 
cams to the lever giving this change over in mixture strength, it was 
possible to arrange that (ij during the cniisinig boost range, the automatic 
mixture control was in the “ Weak Automatic " setting ; (ii) during the 
normal boost range, it was in the “ Pdcli Automatic setting ; and 
(iii ) during the take-off boost range it remained in the “ Rich Automatic " 
setting, thereby ensuring that power could not be obtained on mixtures 
too weak to be safe. 

A further provision was made in the carburetter, in that when in 
the Cruising-Boost 
Weak Automatic 
setting, the power 
jet was cut out of 
action for the fob 
Re- 
.. 4 

and 12 will show 
that after an aero- 
j:Iane has passed the 
engine's rated 
height, power out¬ 
put falls steadily, 
and under these 
conditions reduced 
power is always 
accompanied by a 
drop in temperature. 

MTien the aeroplane 
is 3,000 or 4,000 ft. 
or more above the 
engine's rated 
height, it is safe to 
open the throttle 
wide on a cruising 
mixture strength. 

However, as the 
power jet is timed 
to come into action 
before the pilot's 

throttle lever ap p. , 2 q -testing a HOBSON-PENN AUTOilATIC MIXTTJEE 

proaches the luii control unit. 
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Fig. 21.—A THUEE-PHASE BOOST CONTROL SHOWN DIAGRAMMATICALLY WITHOUT VARIABLE 

DATUM ACTION. 

open position, this cannot normally be done. For long-range aeroplanes 
fl^nng at altitudes well above their rated height, fuel would be normally 
consumed via the power jet under conditions when it was not needed, 
thereby reducing the payload and range of the aeroplane. By auto¬ 
matically cutting out the power jet action whenever cruising conditions 
appertain, the range of the aeroplane will be extended. This is particularly 
important with large bombing types which must carry the calculated 
minimum safe weight of fuel for the journey and which in war-time may 
do their return journey without their bomb load under conditions which 
compel them to fly as fast as possible at considerable heights. It is 
obvious that under these conditions and using the above scheme either 
a larger bomb load for a given journey can be carried or alternatively 
for the same load, a greater range is available, due solely to the better 
fuel consumption. 

Fig. 21 shows diagrammatically a three-phase boost control in which 
the three cams are operated by the mixture lever. The mixture lever 
P pilot’s cockpit will therefore have three fixed settings, viz., cruis- 
ing,’’ normal^’’ and “ take-off,’’ he only having to select the appropriate 
setting according to his requirements, the automatic mixture control 
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keeping the mix¬ 
ture strength cor¬ 
rect at any altitude 
on any of the three 

settings, while with 

all three settings 
a variable datum 
action is obtained 
by the variable 
datum cam oper¬ 
ated by the pilot's 
throttle lever. Sea 
Fig. 22. While 
possessing many 
outstanding ad- 
vantages, this 
scheme was open 
to criticism on the 
score that moving 
from one cam to 
another would, for 
a given set position 
of the pilot’s 
throttle lever, give 
a rather sudden 
jump in boost pres¬ 
sure that would re¬ 
quire simultaneous 
manipulation of 
the throttle lever to modify, and an improved version of this scheme is 
known as The Single Power-Lever Three-phase Boost Control.’’ In this 
the pilot’s mixture lever has only tw^o mixture settings. Rich and Weak, 
controlling only the '' Rich Automatic ” and “ Weak Automatic ” setting 
of the Hobson-Penn Automatic Mixture Control. The separate variable 
datum cam on top of the boost control capsule assembly is done away 
with and the '' cruising cam ’’ of the three used, has its contour extended 
and shaped to give a variable datum action as the throttle lever is moved 
from the slow- running position to the maximum cruising speed position, 
the cams being turned by the pilot's throttle lever and not by his mixture 
lever. This range of movement is accompanied by a setting of the mixture 
lever in the Weak (Automatic) position. The next range of throttle lever 
movement is relatively small compared with the first and is up to the 
normal rated boost position. During this movement the mixture lever 
must be in the Rich (Automatic) setting and the power jet also comes in. 
The third range of movement, which is also relatively small, is to the 



Fig. 23.—^Three-phase boost control, pilot’s lever 

MOVEMENT AND BOOST PRESSURE CURVE. 
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take-oS position, and here 
again the mixtiu’e lever 
must remain in the Rich 
position, the enrichment jet 
ill the carburetter being 
used in the customary 
fashion. 

The pilot's cockpit con¬ 
trol must therefore have 
two positions for the mix¬ 
ture lever and three for the 
throttle lever, and Fig. 23 
shows the sort of gate neces¬ 
sary. Fig. 23 also shows 
the tt’p)e of boost pressure 
curve obtained with this 
scheme when compared 
with the pilot's lever move¬ 
ment, the boost pressure 
figures and angular move¬ 
ment, of course, being com¬ 
parative only, the difference 
depending on the design of 
the engine. 

A summary of the ad¬ 
vantages given by this 
scheme so far are as 
follows :— 

1. The pilot cannot give his 

engine boost pressures 
in excess of those set 
by the various adjust¬ 
ments. 

2. He has a smooth and 

progressive control of 
engine power similar 
to an unsuperciiarged witIi _ 
engine and has no lost which a: 
motion in the throttle contkol 



. HOBSON TWO-EXGIXE COCKPIT CONTROL 
T ONE MIXTURE LEVER FOR BOTH ENGINES, 
E BOTH FITTED WITH AUTOMATIC MIXTURE 
VND VARIABLE DATUM BOOST CONTROL. 


lever below rated parking brake and tail trimming device is incor- 

, , , , ]'>orated. 

height. 

3. He camiot run on mixture strengths which, allowing for the power 

being developed, vill be either too weak or wasteful. 

4. He need not alter his mixture lever for changes in altitude or 

throttle opening. 
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5. He need not try to 
estimate correct 
mixture strength 
by watching the 
thermometer, boost 
pressure gauge and 
altimeter, as is the 
method employed 
in some countries. 

It will be seen, there¬ 
fore, that the pilot’s 
duties have been vastly 
relieved, there remain¬ 
ing one possible mistake 
by the pilot when choos¬ 
ing the position of his 
mixture lever. It is 
possible so far—if the 
pilot’s attention is dis¬ 
tracted or he is forgetful 
or inexperienced — for 
him to move his throttle 
lever to the normal 
boost and take-off boost 
position and leave his 
mixture lever in the 
weak setting, thereby 
endangering the engine. 
To prevent this the 
Hobson Pilot’s Cockpit 
Control was patented, 
and is made in a variety 
of shapes and types, 
each designed to suit 
some particular aero¬ 
plane. In this, by means of internal mechanism, the pilot’s mixture and 
throttle levers are so interlocked as to eliminate all possibility of such 
a mistake on his part. 

If the pilot leaves the mixture lever in the weak automatic setting and 


Fig. 25. —hobson cockpit control ror a single 

ENGINE AEROPLANE PITTED WITH A “ SINGLE POWER 
LEVER IMASTER CONTROL CARBURETTER.” 

Refer also to Fig. 23. 


pushes his throttle lever anywhere past the maximum cruising position, 
it automatically^ moves the mixture lever back to the rich setting. vSimi- 
larly, if when cruising with the weak mixture setting, the pilot closes his 
throttle to land, the mixture lever is again pushed to the rich setting, 
thereby avoiding the risk of the engine suddenly stopping through weak 
mixture. It is unlikely that the engine wmuld stop if allowed to tick over 



A^TO^LVrIC EXC^IXE CTrXTROLS 



Yioz a fleet 
lure. l>ut 

,-.o ici 

engine S:>] 
\vhen nnnr 
there > 


nixrnre eontren aoes 
slo\v running inix- 
ih as is often the 
jilcn opens up Ins 
a second or two 
a thing the ground. 
.-. ays the danger of 
e engine stalling on a weak 
setting and the pilot is laced 
with the risk of landing with 
a ” dead engine. 

Figs. 24, 25 and 26 show 
various types of Hobson Cock¬ 
pit Controls. Fig. 24 shows a 
two-engine control in w'hieh 
either engine can be opened 
up separately, and only one 
mixture lever for ttvo engines. 
It is one of the earlier type 
for earbui'etters harais two- 


trol and a variable datum 
boost control, but not of the 
three-stage type. The mix- 
tme lever, therefore, has three 
settings, take-off, normal rioli 
and weak cruising. In addi¬ 
tion there is a sealed gate 
beyond fidl throttle position, 
w'hich gives in case of dire 
necessity below rated height, 
a higher boost pressure than 
take-off' boost, by mechani¬ 
cally opening the tlirottle 
beyond that equivalent to the take-off setting. 


Figr. 28. — A hobsox two-engixe cockpit coxteol 

FOB EXGIXES XOT FITTED WITH At'TOilATIC 3IIX- 
TTBE COXTROL. 


As this mav serioiislv 


ior some time alter, a turn wire 
is sealed. It is not possible to 


strain the engine, and any damage—if clone—may nor become noticeable 

crosses the gate opening, which wire 
use this eincrgeucy setting without 
breaking the wire and there is therefore a permanent record wdieii the 
aeroplane lands that the engine has possibly been strained and needs a 
thorough inspection before being given further use. 

Fig. 25 shows a cockpit control for a carburetter of the single-power 
lever type, while Fig. 26 shows a control for a two-engine aeroplane fitted 


with variable datum boost controls, but not automatic mixture control, 
the mixtime ha\dng to be adjusted by hand according to altitude at the 
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Fig . 27.—One of the assembly benches for hobson pilot's cockpit controls. 


discretion of the pilot. The mixtnre and throttle levers are, however, 
interlocked to the extent that neither throttle can he closed without 
pulling the mixture lever back to the normal position. If the mixture 
levers are puUed back to the position fnarked Rich, interhnkage in the 
carburetters give override and take-off mixture, thereby avoiding the 
necessity of an additional lever. Fig. 27 show^s cockpit controls being 
assembled. 

Automatic Correction of Any Error in Handling Mixture and Throttle 
Levers 

It w^ilL be seen that a complete scheme has been devised wherein 
the engine is protected from incorrect boost pressures and mixture 
strengths under every condition of flight, and that any error in handling 
the mixture and throttle levers by the pilot is automatically corrected. 
In air warfare and aerobatics, when it is impossible—with ordinary 
methods and the complicated array of levers and instruments—for the 
pilot to pay the necessary attention to correct mixture strengths and 
boost pressures, the underlying feeling that he cannot make a mistake 
that mightlet him dowm,’' is one of immense psychological value. Fig. 
28 show^s a typical layout for a tw^o engine aeroplane as now fitted with 
the Hobson Master Control Scheme, which is the subject of numerous 
British and Foreign Patents, and Figs. 29, 30 and 31 show various 
tj'pcs and sizes of Hobson Master Control Carburetters. 
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CONSTANT SPEED AIRSCREWS 

Wlien a constant speed airscre-vr is fitted to an engine, the control of 
the mixture strength becomes extremely difficult. The normal method 
of checking the approximate mixture strength is as follows ;— 


A-E--VOE. I. 
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Fig. 29.—A hobson mastee conteol caeburetter, inverted tyre, twin barrel. 

Tlie pilot opens his mixture lever slowly, until he gets a drop in engine 
revs, of 3 per cent. He keeps his mixture lever at this setting and opens 
the throttle until the 3 per cent, drop in revs, is restored. This gives him 
a mixture strength as near to the economical position as is safe. 

It is obvious that with an airscrew which changes its pitch auto¬ 
matically whenever anything happens which alters the load or speed of 
the engine to which it is fitted, this method of checking the mixture 
strength becomes useless, for as the pilot w^eakens the mixture and 
causes a drop in engine revs., the airscrew will automatically go to a 
finer pitch and restore them again. 

The only rehable method of controlling the mixture strength is by a 
completely automatic device and this has brought into prominence 
such automatic mixture devices as the hobsox-penx. 

CONTROLLABLE PITCH AIRSCREWS 

^\here controllable pitch airscrews are installed, i.e., those having 
two or three fixed settings under the control of the pilot, a two-stage 
mixture control such as the hobsok-pekk again has many advantages. 

^ hen, as previously explained, there are three positions of the pilot’s 
mixture lever, namely, “ take-off,” “ rich automatic ” and '' weak 
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automatic/' tliis lever can be coimected to the control by means of the 
controllable pitch airscrew, so that in the take-off " position, where 
extra boost is given, accompanied by an extra rich mixture, the air¬ 
screw is set to its finest pitch, thereby allowing the engine to develop 
its maximum power. 

Again, when the mixture lever is moved to the " rich automatic " 
position for maximum power and manceiu'rability, an intermediate 
setting of the blades can be given. 

Lastly, for economical cruising, when the mixture lever goes to the 
weak automatic " position, the aii'screw can be given its maxiiiiiim 
pitch. In this way the utmost emcieney is ensured, both from the point 

lU—2 


Fig, 30.—A MASTEB COXTEOL CASBrEETTEP., TWIX VEETIC.AX TVPE. 
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Fig, 31. A TWIN master control carburetter, inverted type. 
There are only two levers to connect to the pilot’s cockpit control. 


of engine revs., power output and mixture strength ; the whole com¬ 
bination being entirely automatic. 


DE-ICING OF INDUCTION SYSTEMS 

The removal of ice from inside carburetters and induction systems is 
a pro em that has exercised the minds of aviators for a long time. Ice 
orms or wo reasons, firstly a suitable combination of low temperature 
n umi y of the air entering the carburetter and, secondly, the drop 
empera ure due to evaporation of the fuel as it passes into the air 
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>trea!ii. The use of oil-heated induction elbows minimises slow iee 
deposit at this point, but only partially, a- d(?es hor air enteming the 
rarliuretter, but iree-zmg is sornetimes so severe trial if sultieieiit h<:*t air 
is used to eliniinare it, detonation and a seiT^iis drop in power aeeoiii* 
panies it. 


Freezing in the Induction System 

Freezing in the induction system causes a gradual loss of power, excessive 
consumption, jammed throttles and sometimes forced landings, and when 
a gradual drop in engine speed indicated ice formation, one method of 
dislodging it was to weaken off the mixture by means of the mixture 
control until violent backfires took place through the carburetter. While 
this was often effective, it was a dangerous proceeding, as the ice was 
dislodged in a lump and drawn into the engine with the risk of 
damaging the supercharger impeller and lodging under the valves, apart 
from the risk of fire breaking out or the engine stopping. 


The Remedy 

A short time ago it was discovered that by adding certain liquids to 
the fuel passing through the carbimetter, freezing could be prevented. 
Some of these were either prohibitive in price or corrosive, and the best 
proved to be a type of alcohol known as de-natured Ethanol. It was also 
found that mixing the alcohol with the engine fuel brought about certain 
disadvantages—such as the collection of water in the fuel taiilc and car¬ 
buretter float chamber— 
and the best way was to 
keep the alcohol in a 
separate tank and fit the 
carburetter with a special 
connecting pipe that 
mixed the alcohol and 
fuel just before the latter 
entered the air stream. 

Commercial methylated 
spirit should not be used 
except in an emergency 
on account of the water 
it contains and its 
highly corrosive action 
on aluminium. 

A maximum propor¬ 
tion of alcohol equal to 
3 per cent, of the total 
fuel used is found to be 
sufficient to prevent con- 



32.— Tsv INDVCTIOX PIPE DETECTOR EXIT SHOWING 
Aiall (freezing,, hole and large (non-freezing) 

HOLE. 

One and a liaix times fuli size. 



294 [YOL. I.] PRINCIPLES AND CONSTRUCTION 



The Hobson-Swan Ice 
Eliminator 

This eliminator con¬ 
sists essentially of two 
parts, a detector in the 
induction elbow where 
freezing first starts and 
a device which feeds 
alcohol to the special 
carburetter connection 
only when the detector 
indicates ice formation. 
The detector consists 
of a projection into the 
interior of the induc¬ 
tion elbow and cut oS 
at a slant so that the 
sloping face opposes 
the direction of the air 
stream. In this face 
are two holes, one 
small, known as the 
'' freezing orifice ” and 
the other large, known 
as the open orifice.’’ 
These two holes are 
connected by piping to 
unions on the alcohol 
control unit. In prin¬ 
ciple this unit consists 
of two parts, a fioat- 
^ chamber fed from the 
alcohol tank and a 
flexible diaphragm of 
special fabric enclosed in a casing, the diaphragm being so connected 
to the float niechainsm that movement of the diaphragm in one direction 


Fig , 33.—^Tke hobsox-swa2s axcohol de-iceb 

ENGINE INDUCTION SYSTEMS. 

Two-tMrds full size. 




tinuous freezing under 
the worst conditions, 
and in order to make 
the use of alcohol en¬ 
tirely automatic the 
Hobson-Swan lee Eli¬ 
minator was invented 
and patented. 
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frees the float iiieeliaiiism and allows alcohol to flow and moyement in 
the other locks it. thereby stopping the flow. 

The two holes in the detector unit are connected one to each side of 
the diaphragm. When the engine is running there is a dc'jiression in the 
induction elbow, and this depression is transmitted rid the detector holes 
and piping to the diaphragm casing. If no ice is present, both holes are 
open, with the result that the depression is equal on both sides of the 
diaphragm and it remains stationary in the position that locks the float; 
chamber mechanisiii. 

If ice starts to build up on the derector, tiie small hole rapidly becomes 
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result that aU the 
depression is placed 
on one side of the 
diaphragm. This is 
at once pulled hard 
over, thereby free- 
ing the float-mech¬ 
anism and allow¬ 
ing alcohol to pass 
to the carburetter. 
This dissolves the 
ice by considerably 
lowering its freezing 
point, and as soon 
as both detector 
holes are once more 
open, the diaphragm 
is free to return to 
its original position, 
thereby cutting off 
the alcohol until 
such time as ice 
forms again. The 
instrument there¬ 
fore is entirely au¬ 
tomatic and only 
uses the minimum 
quantity of alcohol 
necessary to deal 
with such ice for¬ 
mation as takes 
place. 

It forms an ideal 
combination with 
the electrical ice¬ 
warning unit, a de¬ 
scription of which 
follows, as the latter 
warns the pilot 
when ice is forming 
as well as when the 

Aq , de-icer is working, 

formation ^ induction system is often accompanied by ice 

e aeroplane, it is a hint to the pilot to find if possible some 


F‘ig. 35.- -The hobson electrical ice wabninc unit for 
ES-DUCTION systems. 

Two-tliirds full size. 
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Fig. 36. —^Wiring diagbaz^i por hobson euectrical ice warxixg unit for exgixe 

rxDUCTiox systems. 


other altitude where atmospheric conditions are such that icing does not 
occur. 

Fig. 32 shows the detector which serves for either the alcohol de-icer 
or the electrical warning unit, and Fig. 33 shows the alcohol de-icer. 
An installation diagram is shown in Fig. 34. 

The Hobson Electrical Ice-waming Unit 

The warning unit consists of a casing and a diaphragm, each side of 
which is connected by piping to the induction pipe detector in the same 
fashion as the alcohol de-icer, but instead of operating float-chamber 
mechanism when freezing takes place, makes electrical contact between 
two platinum points. By means of the aeroiDlane battery, a red warning 
lamp in front of the pilot and the necessary -wiring, visual warning is 
given to the pilot of ice formation in the induction system. 

The instrument is suitable for any voltage, and a switch should be 
incorporated somewhere in the circuit, in order that if required the device 
can be isolated from the battery. Connection is made to the warning 
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unit by means of insulated plugs, which completely cover all parts elec¬ 
trically alive; they are held in place by a stirrup fixed to the instru¬ 
ment by three screws. The electrical system is completely insulated, so 
that no “ earth ” exists in the instrument; the electrical contacts are 
specially finished to a mirror surface and are unaflfected by the passage 
of current for long periods. 

The warning unit should be placed at a point slightly higher than the 
induction pipe detector and at a point where it is not subjected to exces¬ 
sive heat and vibration from the engine. 


The Detector 

The actual angle of the portion projecting into the induction pipe 
has to be found by experiment, and in order to do this the engine should 
be run at all throttle openings from slow-running to full throttle, a 
mercury U tube being connected to the two unions on the detector. 
The angle should be such that at no time is there a difference in pressure 
between the two detector holes of more than 2 in. of mercury, and the 
greatest depression should always exist on the small or freezing hole. 

Both the alcohol de-icer and the electrical warning unit are adjusted 
before they leave the factory to work to a minimum induction pipe 
depression equal to | in. of mercury and the adjustment sealed. Screwing 
the adjusting screw inwards raises the minimum depression at which the 
warning unit works. The lower ends of both devices contain a fine gauze 
filter through which a small quantity of air flows continuously : this 
filter should be removed and cleaned periodically, and the pipe con¬ 
nected to it taken to a source of clean air supply at approximately atmos¬ 
pheric pressure such as the carburetter air intake. It is important that 
the unions marked “O’’ and “ E ” are not wrongly connected or the 
instruments will not w^ork. 

Where multi-bore carburetters are used with all bores feeding into a 
common induction system, the detector is preferably placed in the bore 
feeding the richest mixture as is often the case when auxiliary jets are 
fed into one bore only, the reason being that the richer the mixture, the 
greater the rate of evaporation and therefore the bigger temperature 
drop. 

The action of these instruments can be checked experimentally at 
any time when the engine is running and no freezing present. The pipe 
connecting the freezing orifice to the instrument should be removed and 
replaced by one having a joint in it made of rubber tubing. Squeezing 
the tube stops the air flow in the same way as ice does and the instrument 
should operate. The size of the various orifices, both in the detector and 
the two instruments, have been found as the result of prolonged testing 
and must on no account be altered. Fig. 35 shows the electrical ice warn¬ 
ing unit and Fig. 36 the wiring diagram. 
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Factory Testing of Carburetters and Automatic Controls * 

Everv type and size of earlairetrer. dionst s-untnA eti*.. lias a delinite 
Test speeitieation laid down l»y tite Air Ministry, tuid every test is under 
trie supervision of a resident meinber of tlie A.l.D. (Aeronautical Inspec¬ 
tion Directorate), tlie Air Ministrv^ department responsible for the 
correctness of the material used and rlie satisfactory functioning of the 
product they are supervising. Material eamiot be bought except from 
manufacturers approved by the A.l.D. and the composition of every class 
of material, be it steel, brass, aluminium, etc., that may be used, is 
specified in wdiat is kiiovm as a D.T.D. specification and frequent analyses 
and physical tests are made to ensure that the various materials conform 
to the specification. The tracing of each part, from which blue prints 
are made and issued to the workshops, has to be approved and stamped 
as such by an Air ilinistry official, not only as to material, but as to 
general proportions, design and fitness for the p)art it has to play in the 
article of which it is a component. Every carburetter, boost control, 
etc., is given a serial number and a complete record is taken of its test 
performance at the factory and it may not leave the factory unless 
accompanied by an A.l.D. release certificate. The same applies to spare 
parts for replacements, etc. 

Rigid Control of Material and Workmanship 

This regulation immediately places an aero engine carburetter—apart 
from the infinitely finer workmanship—on a very much higher j)lane than 
an ordinary automobile engitie carburetter, and its test at the engine 
manufacturer's plant is also under A.l.D. observation. Should any 
defect become apparent durmg engine test, it can only be returned to the 
makers via the engine manufacturer's A.l.D. department, so it will be seen 
that practically from the very start, to the end of its useful life, the 
carburetter’s history is known and is under official observation. 

Prototype Carburetters 

When a new type of carburetter, boost control, etc., is tested and 
tuned on an engine and the setting is considered to be a satisfactory one 
for production purposes, the carburetter is returned to the maker's 
factory and in the presence of the engine maker's representative and a 
member of the A.l.D. it is given what is known as a '' blower test ” to 
establish an agreed set of conditions by which all future carburetters of 
that type can be adjusted before they leave the factory, with the assurance 
that tliey will, when mounted on an engine, repeat the j)erformanee given 
by the first one. 

Amongst other particulars which have to be recorded are the 
foUow’ing :— 

Complete setting, i.e., chokes, Jet, type of diffuser, power jet timing; 
also the minimum angle to which the carburetter can be tilted without 
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flooding at the maximum fuel pressure. The free flow of fuel through 
the carburetter at two different pressures must also be checked, to 
verify that the required excess of flow over the maximum that the engine 
can ever use is available. The percentage of mixture control for altitude 
that can be obtained is also specified, also fuel-level in the float 
chamber and the amount of fuel discharged when the accelerating pump 
is operated. The latter is obtained by opening the pilot’s throttle lever 
on the carburetter quickly three times in succession, the discharged fuel 
being collected m a measuring glass and the amount per pump stroke 
obtained thereby. 

Blower Test Plant 

This consists mainly of a suitable suction air pump, a tank large 
enough to damp out all pulsations in the air flow and a means of fixing 
the carburetter, so that the air can be drawn through it. A fuel tank is 
coimected to the carburetter with a flow-meter interposed, so that for any 
throttle opening or suction given by the pump, the pints per hour of 
fuel flowing through the carburetter can be seen. A more elaborate 
form of plant is that in which the weight of air passing through the 
carburetter can be measured. This reading in conjunction with the fuel 



Fig , 37.—^The layout op a peoductiois^ blower test plant. 
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now gives tiie fuel' 
air ratio, but for 
production pui'poses 
it is only necessary 
to know the fuel flow 
and suction placed 
on the carburetter. 

For low suctions 
such as occur at full 
throttle, a U-tube 
filled with water is 
mainly used, whilst 
for high suctions 
which occur under 
closed throttle (slow 
running) conditions 
a U-tube filled w’itii 
mercury is used. 

Fig. 37 shows 
diagram mat icaliy a 
blower plant. '' A 
is the pulsation 
damping tank con¬ 
nected on one side 
to the pump and on 
the other to the 
elbow on which the 
carburetter is fixed. 

Between the tank 
and the pump is an 
adjustable valve by 
means of which the 
flow of air can be 
varied. Air enters 
the carburetter in¬ 
take at “ C/' passes through the elbow “ EA at which point the 
depression or suction placed on the carburetter is measured by means 
of the mercmy gauge ” 3U'’ or the water gauge " WA a two-way cock 
enabling either to be used as desired. Fuel passes through the flow¬ 
meter '' F '' and so to the carburetter float chamber. A suitable lever 
is connected to the carburetter throttle so that it can be held at any 
desired opening, a ]3ointer and scale graduated in degrees being attached 
so that the exact angular opening of the throttle can be checked. 
When the valve ’* V '' is opened, air and fuel pass from the carburetter 
through elbow E '*'* and tank A."' It then passes through the T>tiiiip 


Fig . 3S.—Blower testing ax ix^-erted carburetter. 

Xote the position of elbow and connecting pipe from flow¬ 
meter to earburctrer float chamber connection. The small 
tank in the background on the floor is for storing the reclaimed 
fuel. 
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Fig. 39.—A vertical master control carburetter 


ON TEST. 

^oto the pointer fixed to the throttle and the dial 
marked in degi'ees opening. 


into the fuel reclaim, 
ing tank “T.” This ^ 
contains baffle plates on 
which a proportion of 
the fuel—about 
is deposited and finally 
collected in the bottom 
of the tank, where it 
can be drained ojff or 
allowed to run into a 
storage taiA. 

In some installations 
the tank '' T ” is not 
used separately, the 
baffles being in the 
pulsation damping tank 
'‘A.” The electrically- 
driven pump is of special 
internal contruction, no 
revolving steel parts— 
that might make a spark 
if any foreign matter 
entered — being used. 
The whole of the aii 
and the unreclaimed 
fuel are exhausted 
into the outside atmos¬ 
phere by means of the 
tall pipe or chimney 

C« p 

As in some cases the 
adjustment given by the 
wheel-valve V ” 
be too coarse in its re¬ 
gulation of the suction 
in the elbow “ E,’’ an 
additional small valve is 
often fixed on the tank 


wMch allows a small proportion of air to enter, forming as it were a 
micrometer adjustment for the depression in the tank and elbow. 


Functional Tests 

Readings are taken at the depressions and throttle openings established i 
with the first test carburetter and any carburetter not coming within the 
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speeiiied maxiimim and 
iniziirniiin fuel is 

returned to the works 
:br examination as to 


rne cause. 

Fig. 3S shows a 
downdraught carburet¬ 
ter on test. The tank 
will be seen to have two 
removable manholes, 
the lower one being 
used for downdraught 
carburetters and the 
upper one for vertical 
updraught) carburet - 
ters. Fig. 39 shows a 
vertical type Master 
Control Carburetter on 
test and viewed from 
the boost control side. 
The pointer and gradu¬ 
ated dial can be seen, 
also the throttle eonti’ol 
lever. The boost con¬ 
trol piston is held in 
the '■ altitudeposition 
by means of a strong 
spring, so that the 
carburetter throttle is 
strictly controlled by 
the movement of the 
hand lever and cannot 
alter tlirough the boost 


Fig . 40.—Blower testing. 


control piston wander¬ 
ing. Xo oil pressure is 
of course supplied to 
either the boost control 
or the Automatic Mixture Control, as these unit, 


A pointer fixed to tlis altitude .mixture) eoek moves 
across a graduated dial to cheek correct weakeniug of 
mixture strength against cock opening. Xote pipe to 
intake elbow which goes to the depression gauge. 


liave already been 


tested for aceuraev on a separate test ris. as iwevioiislv explained. (See 
Figs. 13, 19 and 20. , 

Fig. 40 shows tlie same carburetter on test. Irat seen from the 
Automatic Mixtine Control side. Here again a pointer is tixed to the 
altitude (mixture; cock on the carburetter and tlie puinter adjusted so 
that with the cock in the ground (rieh) pjusitiun. tlie pointer is at zero. 
The blower j3lant is set in operation and the fuel flow under the set 
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conditions noted on the flow-meter. The piston of the automatic- 
altitude control is then lifted by hand until the pointer shows some 
predetermined opening of the mixture cock. The reduction in fuel flow 
is noted and the percentage reduction, i.e., the percentage mixture control 
is calculated. The flow through the enrichment jet for take-off purposes 
can also be checked by moving the mixture lever to the ''take-off'' 
position, the additional fuel flow as shown on the flow-meter registering 
this. Plows are also taken with the power jet in and out of action as 
well as the correct functioning of the slow-running cut-out. 

It will be seen therefore that the complete functional test of a 
carburetter, as well as mixture controls, takes a considerable amount 
of time and work apart from the power used to operate the pump, etc.: 
the fuel used, in the case of large carburetters, often amounts to several 
gallons per carburetter, some of w^hich is irretrievably lost. 
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Scale Effect—Effect of Wind Speed 

T he vriiid speed was more or less constant in the previous pictures 
(see section I, page 105). They therefore only show the effects of 
shape and angle of attack on the air flow. 

Figs. 1 to 3 show the effects of varying wind speed. The lateral distance 
between the spots of hot air is a measure of the wind speed, the further 
they are apart the greater the wind speed. 

Fig. 1 (a) to (d) show the air flow round a so-called streaniline body 
at increasing wind speeds. 

Fig. 1 (a).—^The air commences to move smoothly round the body. 
Fig. 1 (6).—Large vortices develop. 

Fig. 1 (c).—The vortices break down and the wake becomes extremely 
turbulent at increased speed. 

Fig. 1 {d ).—^When the speed has increased sufficiently, the wide 
tiu’bulent wake closes up and the body becomes a good streamline shape 
at this and the higher wind speeds of normal flight. 

It is clear from these pictures that a body which is streamline at 
high speeds will almost certainly not be streamline at all at very low 
speeds. 

Fig. 2 (a) to (c) show the air flow round an aerofoil at increasing wind 
speeds. 

Fig. 2 (a). —^Although the angle of attack is well above the normal 
stalling angle, the air commences to move down over the top of the 
aerofoil. 

Fig. 2 (6).—large vortex forms. 

Fig. 2 (c).—^The vortex breaks down and the tui’bulent wake, which is 
typical of the stall, forms at higher wind speed. 

The effect of speed on the stalling angle of an aerofoil is shown ixi 
Fig. 3 (a) to (e). 

Fig. 3 (a).—Shows an aerofoil stalled at a small angle of attack at a 
low wind speed. 

Fig. 3 (6).—^The wind speed has been increased and the aerofoil has 
mistaUed. 

Fig. 3 (c).—The wind speed has been kept constant and the angle of 
attack has been increased until the aerofoil stalls agam. 

Fig. 3 ((Zj.—The wind speed has been further increased and the aerofoil 
has again iinstalled. 

Fig. 3 (c).—The high wind speed has been kept constant and the 
angle of attack has been increased until the aerofoil stalls again, 
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1a.— Air flow round a so-called streaiviline body at increasing wind speeds. 


The air commenees to move slowly round the body. 



Fig. 1b.—^Aieflow round a so-called streamline body at increasing wind speeds. 

Large vortices develop. 
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Fig. Ic.— Aibflow eouind a so-call£d streamline body at increasing wind speeds. 
The vortices break down and the wake becomes extremely turbulent at increased speed. 


Fig, Id.—Airflow rol'nd a so-called streamline body at increasing wind speeds. 
When speed is sufficiently increased the turbulent wake closes up. 

20—2 



Fig. 2b (right .)—Am 

PLOW BOUND AN AEBO- 
POIL AT INCBEASENG 
WIND SPEED. 

A large vortex forms. 


Fig. 2c (left.)—Am 

PLOW BOUND AN 
AEROFOIL AT 
INCREASING WIND 
SPEED. 

The vortex “breaks 
down and the turbulent 
wake, which is typical 
of the stall, forms at 
higher wind speed. 
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Although the angle of 
attack is well above 
the normal stalling 
angle, the air com¬ 
mences to move down 
over the top of the 
aerofoil. 


Fig. 2a. 

FLOW BOUND AN AERO¬ 
FOIL AT mCBEASING 
WIND SPEEDS. 











Fig. 3.—Effect of 

angle of an AEl 

(a) An aerofoil s 
of attack at a iow 

{b) The wind sp 
and 'the aerofoil h 

(c) The wind 
co^tant and the^ 
increased tintii tli 

{d) The wind 
increased and th 
stalled. 

(€) The high 

constant and the 
increased until t. 


speed has been kept 
lisle of attack has been 
aerofoil stalls again. 

peed has been further 
aerofoil has again un- 
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Note how the size of the stalling angle has increased in Pig 3 /, 
and again in Pig. 3 (e), due solely to increased wind speed. There is of 
course, a maximum angle of attack at which no further increase fn J 
speed wm unstall an aerofoil. ^ 

Scale Effect—Effect of Size 

The same sort of thing would happen if, mstead of increasing the 
wind speed, the size of the aerofoil were increased. ° 



Fig, 4b.—the size op 


THE AEROPOIL IS rtTCREASED SUPPICEENTLY IT WILL HNSTALL. 




-High peessuhe wind-tun-xel at the national pha’sical laboratory. 
courtesif of" Flight.'') 


Scale Effect—Effect of Air Density 

If, instead of increasing either the wind speed or the size of the 
aerofoil, the density of the air is increased sufficiently, the aerofoil will 
unstall. The greater the density, the gi’eater the pressure of the sur¬ 
rounding air and the greater the tendency for the air to follow the contour 
of the top surface. 

It is thus obvious that the tj^e of air flow pattern round a body of 
given shape and at a given angle of attack, is dependent upon the timid 
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Fis. 4 ft) represents an aerofoil stalled in a slow airstream. If its 
size is increased sufliciently, keepmg its shape and angle of attack the 
same, it will unstall (Fig. 4 {h} ). These drawings are rather exaggerated 
t*j sliow the effect. 

It is instructive to note that increasing the size of the aerofoil increases 
the radius of curvature, that is to say, it reduces the curvature of the 
path which the air must follow hi order to conform to the contour of the 
top surface. The bigger the aerofoil, the easier it is for the air to get 
round ” over the leading edge without leaving the top surface. 
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speed-, size of the body 
and the density of the air 

These are the important 
factors in what is called 
scale effect. 

Corrections for scale 
effect should be made in 
applying ordinary wind- 
tunnel measurements of 

aspect RATiO 

efficients of model wings 
at low airspeeds to fdl- 
F^g. 6.— Chord, span and aspect ratio. scale aeroplanes at high 

. speeds. 

Correctioiis for scale effect are not required in the case of measure¬ 
ments made in high pressure wind tunnels (Pig. 5). Air is pumped into 





Fig. 7. Tbailins vortices dept by wing tips. 
lUustrating the desirabiUty of high aspect ratio. 
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tunnel:^ until the density of 
h.L' air iiiside tiiein has increased 
':::::c:entiy to eoziipensate for the 
rvhitiveiy Icos* tsdnd speed and the 
Oiudi size of the models used. 


Aspect Ratio 

Ti:e ratio of the span to the 
ciiord of a tviiig is the aspect ratio. 
Izi the ease of tapered wings, the 
aspect ratio is the ratio of the span 
to the mean chord tFis, 6h 

Since the pressure below the 
wings is higher than that above 
them, the air tends to spill upwards 
round the wing tips. This imposes 
a corkscrew motion on the flow 



r:ear the tips, with the result that bisthibutiox. 

tney leave trailing vortices behind them. These vortices require energy 

to produce them and they react by exerting drag (Fig. T). 

The larger the cord the smaller the aspect ratio with the same wing 
area and the more povoerful are these trailing vortices and the greater is 
the drag at the same angle of attack and speech 

Long naiTOw wings, that is to say, wings with a high aspect ratio, 
are therefore more efficient than those of the same area with a low aspect 
ratio. They give more lift and less drag at the same angle of attack and 
speed. 

In practice, 
however, aspect 
ratio is limited by 
structural require' 
ments to 6 or S to 1. 

Biplane Wings and 
Interference 

When one wing 
is placed above 
another, as in a 
biplane, the air flow 
round each wing 
interferes with the 
air flow round the 
other wing (Fig. S). 

The enclosed areas ^ 

, F -.' J . 9. —TH2 FOITHEP. BIPLANE WINGS ARE PLACED APART, 

approximately the greater the drag of the necessary strets and wires' 
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GAP 



Fig. 10, —^ThE distance AEROPLANIiJ wings 

ARE PLACED APART IS CALLED THE GAP. 


represent the total upward forces 
on the under surface of the top 
wing and on the upper surface of 
the bottom wing. 

The nearer the wings are to 
each ot])er the greater the inter¬ 
ference and consequent reduction 
of lift. The further they are 
apart the less they interfere with 
each other. 

On the other hand, the further 
they are placed apart, the greater 
the drag of the necessary struts and 
wires whicli separate them (Fig. 9). 

The distance aeroplane wings 
are placed apart is called the gap 
(Fig. 10). 


Monoplanes and Tapered Wings 

The modern tendency in design is towards tlie use of monoplane 
cantilever wings. The absence of struts and wires and of interference 
between the mainplanes permit monoplane wings to give the same lift 
for less drag than if biplane wings are used. The increased aerodynamic 
efficiency of high aspect ratio and structural requirements lead to 
monoplane wings being tapered. 

Stagger 

The top mainplane may be put forward or aft of the bottom main 
plane, that is, it may he given forward or backward stagger. 

Forward stagger usually gives a larger forward angle of vision 
(Fig. 11). It results in less interference between the mainplanes and 
therefore more lift for the same drag. 

Equilibrium 

A body is said to be in equilibrium when the forces acting on it 
cancel each other out completely and so leave no resultant force Oi 
moment tending to disturb its state of rest or steady motion. 

Bodies in a state of rest or of steady motion are, therefore, in 
equilibrium. 

Stability 

A body is said to be in a stable state of rest when, if slightly dis 
placed, it tends to return of its own accord to its original position. 
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STAGGER 



Fig. 11. —Effect of stagger on the pilot’s forward angle of vision. 

Similarly, a body is said to be in a stable state of motion when, if 
slightly disturbed, it tends to return of its own accord to its original motion. 


instability of Cambered Wings 

The centre of pressure of a 
cambered wing is defined as the 
point on the chord through which 
the resultant force passes (Fig. 12). 

Most unstalled cambered wings 
are unstable in flight because 
their centre of pressure moves 
forward when the angle of attack 
is increased, which tends to turn 
the leading edge upwards and 
further increase the angle of 
attack. If not checked this would 
result in the centre of pressure 
moving still further forward. 

Similarly, if any disturbance 
reduces the angle of attack, the 
centre of pressure moves aft and 
tends to reduce the angle of attack 
stiU further. 



i 


CENTRE OF PRESSURE 
Fig. 12 . —The centre of pressure of an 

AEROFOIL. 



Fig. 13. — ^An aerofoil section, the 

CENTRE OF PRESSURE OF WHICH IS 
PRACTICALLY CONSTANT AT NORMAL 

angles of attack. 
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HIGH CAh/ierq SCCTiO^^ 


Various Wing Sections 

Many different shapes of wing 
sections .liave been tried. Pig. 13 
is one which has been designed to 
have a practically fixed centre of 
pressure at normal angles of attack. 
The under surface is convex and 
the trailing edge is turned up 
slightly. 

Fig. 14 shows examples of high 
and low cambered wing sections. 

The most suitable section for 
the wings of any particular type 
of aeroplane depends upon struc¬ 
tural requirements and the performance desired of the aeroplane. The 
depth of the wings must be sufficient to accommodate the structure 
required to support the all-up weight with the large reserve strength 
required to meet the increased loading due to manoeuvres. 


LOW camber sec'L on 

^.. . . .. -J 

Fig. 14.—Examples of high and low 

CAAIBEEED AEROFOIL SECTIONS. 


Downwash 

The wings of an aeroplane deflect the air stream downwards as it 
flows over and under them. The angle through which the air is deflected 
downwards by the wings is called the angle of downwash. It varies with 
the angle of attack of the wings and with the distance behind the wings 
at which it is measured (Fig. 15). 


The Centre of Pressure of an Aeroplane 

The point where the resultant lift and the resultant drag of an aero¬ 
plane intersect is called the centre of pressure of the aeroplane (Fig. 16). 

Airscrews 

Airscrew blades are of aerofoil cross section. Their cross section varies 
from one of high camber at the root to one of low camber at the tip (Fig. 17). 


D/f?£CT/0/^ AJ/fF/iOiy 



Fig, 15. Showing how the angle of downwash varies with the distance behind 

THE WINGS AT WHICH IT IS MEASURED. 
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PESULTANT 



PRESSURE 


Fig, 16.—Centre op pressure of an aeroplane. 

The point where the resultant lift and the resultant drag of an aeroplane intersect is 
called the centre of pressure. 



Fig. 17.—^Airscrew blades. 

The cross section varies from one of high camber at the root to one of low camber at 

the tip. 
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f>LfiNE Of f?OTfiT/OM 



Fig. 18.—Blade angle and angle op’ 

ATTACK OF A CROSS SECTION OF AN AIR¬ 
SCREW BLADE. 

If OA represents the velocity of the blade 
section relative to the aeroplane and OB the 
velocity of the aeroplane then 00 represents 
the velocity of the blade section through 
the air and its angle of attack will be “a.” 


Of ^orfry Off 



Fig. 19. —Lift and drag forces on a 

CROSS SECTION OF AN AIRSCREW BLADE. 


0£ AfOTf^TfOr* 


The acute angle between the chord of a cross section and the plane of 
rotation is called the blade angle of that cross section (Fig. 18). 

The cross sections of airscrew blades move forward in spiral paths in 

flight and as the 
tips move faster 
through the air 
than the roots, the 
blade angle falls off 
from the root to the 
tip in order that 
the angle of attack 
along the blade 
shall be correct at 
normal revolutions 
per minute and nor¬ 
mal forward speed. 

Airscrew blades 
are, therefore, sub¬ 
jected to lift and 
drag forces in like 
manner to aeroplane 
wings (Fig. 19). 



AND THE COMPONENT IN THE PLANE OF ROTATION. 
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Fig. 21. —AmscREw slipstream. 

This illustration, highly exaggerated, shows how the rotation of the airscrew gives the 
slipstream a slight corkscrew motion. 

The component of the resultant force in the direction of motion of the 
aeroplane is the airscrew thrust, while the component in the plane of 
rotation exerts the resisting moment or torque, which has to be overcome 
by the engme (Fig. 20). 

The Airscrew Slipstream 

The rotation of the airscrew gives the slipstream a slight corkscrew 
motion. This is shown grossly exaggerated in Fig. 21. 

As a result of the twist of the slipstream, the air pressure on a sym¬ 
metrically positioned fin will be greater on one side than on the other, 
and in the case shown m Fig. 22, would tend to yaw the aeroplane to 
port. 

Fins of single-engined aeroplanes are therefore sometimes off-set 
slightly (Fig. 23), in order to lie symmetrically in the slipstream, or they 
may be cambered to produce the same effect. 

Another method is to give the rudder permanent bias, in order to 
correct the yaw’ing effect of the slipstream. This may be done by means 
of a trimming tab on the rudder (Fig. 24). The setting of this trimming 
tab is also grossly exaggerated. 

The reaction of the airscrew torque in a single-engined aeroplane is 
transmitted through the engine crankcase to the aeroplane, which tends 






Ficj, 22.— Lateral tressitre of the airscrew seii’stream 

ON A SYMMETRICALLY TOSITIONED FIN. 



Fig. 23.—Fin off-set to lie symmetrically in the air¬ 
screw SLIPSTREAM AT NORMAL R.P.M. AND FORWARD SPEED. 



to roil over in the 
opposite direction 
to that ill which 
the airscrew ro¬ 
tates (Fig. 25). 

The corkscrew 
inotion of the slip¬ 
stream impinging 
on the ivings, pro¬ 
duces a couple in 
tlie other direction, 
which tends to re¬ 
duce the effect of 
the airscrew torque 
(Fig. 26). 

Variable Pitch Air¬ 
screws 

The pitch of an 
airscrew is the 
distance it would 
advance in one 
revolution if it gave 
no thrust, that is to 
say, if it did not 
slip. 

The angle of 
attack of the blades 
and therefore the 
airscrew thrust and 
torque, are depen¬ 
dent upon the 
pitch, the revolu¬ 
tions per minute 
and the forward 
speed. 

As the lift and 


Fig . 24. Trimming tab set to give redder permanent 
bias and so correct the YAV'ING effect of the airscrew 

SLIPSTREAM ON THE FIN. 


drag of the blades 
varies with the 
density of the air, 


. which decreases 

with height, the airscrew torque decreases with lieiglit, so long as the 
engine revolutions per minute and the forward speed remain constant. 

The horse-power of super-charged engines is independent of the air 
density up to high altitudes. 
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Fig. 26. —PvEACTION OF AIRSCREW TORQUE IN A SINGLE-ENGINED AEROPLANE. 

They therefore continue to develop full horse-power up to their rated 
lieight and would require to be throttled down as they gained height to 
prevent them from over-revving. The benefits of super-charging would 
thus be lost if sujDer-cliarged engines were fitted with airscrews designed 
for flight near ground level. 

Lrorder to obtain the full benefit of super-charging, the airscrews foi 
super-charged engines should be designed to give maximum efficiency at 
the rated height of the engine. The akscrew torque would increase, 
however, as the aeroplane descended into the denser air near ground 
level and the engine could not then drive the ahscrew at full revolutions 

|)er minute. Maxi¬ 
mum horse-power 
and thrust could 
not, therefore, be 
obtained near the 
ground. 

If the pitch and 
angle of attack of 
the airscrew blades 
could be decreased 
when flying below 
the rated height of 
the super-charged 
engine, then the 
21 





Fig . 26 .—Illustrating the corrective effect of the 

AIRSCREW slipstream ON THE AIRSCREW REACTION TORQUE. 


A.E.-VOL. I. 
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airscrew torque could be kept constant at all heights below the rated 
height. The super-charged engine would then be able to develop its full 
power from ground level up to its rated height. 

Variable pitch airscrews are introduced on this account. 

The necessary variation in pitch is obtained by turning the blades on 
the airscrew hub either automatically, electrically or by mechanical 
means under the pilot's control. 

Ideally, the blades would be set at their minimum pitch and angle of 
attack for running up on the ground, taking off and flight at low altitudes. 

As the aeroplane climbs from ground level to the rated height the 
blades would be turned to increase their pitch and angle of attack and so 
maintain constant revolutions per minute. 

Above the rated height the horse-power of super-charged engines 
begins to fall off with increasing height, so the pitch of the airscrew 
should then be reduced in order to reduce the airscrew torque and permit 
the engine to continue to run at its most efficient revolutions per minute 
for the height attained. 



PRINCIPLES OF FLIGHT 

SECTION III 


Equilibrium in Level Flight 

T he streamlined fuselage shown in Fig. 1, fitted with an under¬ 
carriage, tail skid and an engine and airscrew, will run along the 
ground, pulled forward by the airscrew, when the engine is run fast 
enough. If wings are put on, it will fly level provided that:— 

the engine power is sufficient— 
to drive the airscrew fast enough— 
to give the thrust required— 
to overcome the drag of the aeroplane— 
at the speed required— 
to enable the wings — 
to give lift — 

equal to the all-up weight of the aeroplane— 

and 


if the four forces, lift, weight, thrust and drag have no 
resultant moment, tending to turn the aeroplane about 
its centre of gravity. 

Looking at this in diagrammatic form (Fig. 2), at the speed at which 
this aeroplane is supposed to be fljing, the lift is equal to the weight, the 
airscrew thrust is equal to the drag and the hft-weight couple has been 
made equal and opposite to the thrust-drag couple by positioning the 
centre of pressure 0 ” correctly in relation to the centre of gravity 
G ’’ and to the line of action of the airscrew thrust. 



Fig. 1.—This puselagb would exjh along the ground, pulled forward by the 
AIRSCREW when THE ENGINE IS RUN EAST ENOUGH. 

323 
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Lff^T-yy£/GHr cou/=*l£ 



kl/£/GHr 

Fig. 2.—The conditions eok equilibrium in level flight are : 

Lift = Weight. 

Thrust == Drag. 

Lift — Weight Couple (L X a) = Thrust — Drag Couple (D x b). 

The centre of pressure can be located correctly by positioning the 
wings correctly and making fine adjustments on the stagger. Equilibrium 
in level flight can thus be achieved at a f articular speed. 

'' A particular speed ’’ is stressed because if the speed is reduced, the 
lift coefficient must be increased in order to keep the lift equal to the 
weight and so continue to fly level. The lift coefficient is increased by- 
increasing the angle of attack of the wings. Increasing the angle of 
attack involves putting the nose up and this, in turn, normally results 
in the centre of pressure moving forward. A shift of the centre of 
pressure would upset the balance obtained at the previous speed. 



0 £ 

Fig. 3.—the airscrew thrust acts a^ an angle above the horizontal in level 

FLIGHT, THE VERTICAL COMPONENT OF THE AIRSCREW THRUST WILL ASSIST IN SUPPORTING 
THE WEIGHT WHILE ITS HORIZONTAL COMPONENT MUST BALANCE THE DRAG. 
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Fig. 4. -syMilETRICAL tatlplante has been added lying with no angle op attack 

TO THE AIESTEEA^ WHEN THE AEROPLANE IS IN LEVEL FLIGHT AT NORMAL SPEED, 

If an upcurrent increases the angle of attack of the wings and therefore also of the tail- 
plane, the airflow will now exert an upward force on the tailplane, tending to turn the 
nose down and so restore the aeroplane to its original altitude. 

The airscrew thrust was shown acting horizontally in Eig. 2 for the 
sake of simplicity. If the airscrew thrust acts at an angle above the 
horizontal, its vertical component will assist in supporting the weight, 
while its horizontal component will have to balance the drag (Fig. 3). 

STABILITY AND CONTROL 

Static Stability 

Although this aeroplane is in equilibrium in steady level flight, it is 
unlikely to be stable because, if disturbed by encountering an up-current 
for instance, the angle of attack will be increased and the centre of 
pressure will normally move forward and tend to turn the nose up still 
further. That is to say, if disturbed shghtly this aeroplane tends of its 
own accord to depart further and further from level flight and is said 
to be longitudinally unstable. 

The condition of the aeroplane in steady level flight might be likened 
to that of a billiard ball balanced on another ball. The aeroplane is in 
equilibrium in steady level flight and the billiard ball is in equilibrium 
while balanced on the other hall, but both are unstable. If slightly 
disturbed, both the ball and the aeroplane depart entirely from their 
original states of motion and of rest. The aeroplane ends up in a totally 
different state of motion, and the ball in a totally different state of 
rest. 

Let us attach a symmetrical tailplane lying with no angle of attack 
to the air stream when the aeroplane is flying level at normal speed—after 
allowing for the downwash from the mainplanes. 

The acute angle between the chord hue of the mainplane and the 
chord line of the tailplane is called the tail-setting angle. If the aeroplane 
now encounters an up-current which increases the angle of attack of the 
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Fig, 5. — An aeroplane which is statically stable in level plight will probably 

SWING or oscillate IN PITCH A PEW TIMES IP IT IS DISTURBED, BEFORE SETTLING DOWN 

AGAIN TO STEADY LEVEL PLIGHT. 

If it finally settles down again to its original motion of its own accord it is said to be 
dynamically stable. 

wings, the angle of attack of the tailplane will also be increased and the 
airflow will exert an upward force on the tailplane. 

The centre of pressure of the tailplane being a considerable distance 
behind the centre of gravity of the aeroplane, causes the tailplane to 
exert a larger pitching moment about the centre of gravity than that due 
to the shift of the centre of pressure of the wings. This tends to turn 
the nose down and so decrease the angle of attack of the wings again 
(Pig. 4). 

Similarly, if the aeroplane encounters a down current, decreasing the 
angle of attack of the wings, the airflow exerts a downward force on the 
tailplane and tends to turn the nose up and restore the wings to their 
original angle of attack. 

The inherent instability of the mainplanes at normal angles of attack 
is thus overcome. The aeroplane now tends, if disturbed, to return of 
its own accord to an even keel longitudinally. 

Its state of motion in steady horizontal flight might now be likened 
to the state of rest of a ball in a bowl. Both are in equilibrium and 



Cd) HUNT//VG /A/ J=>/TCA/ 



whicb is statically stable in level flight may “ hunt ” indefinitely if it is 
custurbea (a); or it may oscillate in pitch with increasing amplitude until it “ falls ” into 
^t^le ^ either of these cases it would be dynamically 
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Fig, 7. — Fore and ait control. 

When the elevator is put down a lifting force is introduced which tends to turn the 
nos© of the aeroplane down, and vice versa. 


both are statically stable. If disturbed slightly, both tend to return of 
their own accord to their original states of motion and of rest. 

.JBfynamic Stability 

Something else may happen when the aeroplane is disturbed. Instead 
of settling back gradually to steady motion on an even keel, it will 
probably swing or oscillate in pitch a few times about its level position 
before it finally settles down again to steady level flight (Fig. 5). 

If it finally settles down again to its original state of motion of its 
ovm accord it is said to be dynamically stable, as well as being statically 
stable longitudinally. 

It may continue to over-shoot its level attitude and oscillate 
indefinitely. This is sometimes called “ hunting.’’ The nose may go 
on pitching up and down to the same extent every time, or to a greater 
extent every time, until the aeroplane ‘‘ falls ” completely out of its 
original state of motion into a nose dive or until it stalls and then nose 
dives. In either of these cases the aeroplane, though in equilibrium in 
level flight, and although statically stable, would be said to be dynamically 
unstable longitudinally (Fig. 6, a and h). 

This may be illustrated by referring again to a ball in a bowl. When 
displaced the ball tends to return to its original position, but although 
it tends to do so, it would oscillate for ever if there were no friction. 
Nevertheless, it was in a statically stable position at the bottom of the 
bowl. 

If we overcome friction by giving a ball in a bowl a push at regular 
intervals, then, although the tendency to return to its original position 
at the bottom of the bowl stiU exists, the ball will continue to oscillate 
and never return to its original position so long as the energy required to 
maintain its oscillatory motion continues to be supplied. 
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Fig, 8.—GUST OB’ wind has deflected the nose to port ; the aeboplane proceeds 

“ CRABWISE,” SKIDDING OR SIDESLIPPING TO STARBOARD. 


In the case of a dynamically unstable aeroj)lane the energy required 
to keep it oscillating in pitch is derived from the engine while it maintains 
its height and from gravity if it loses height. 

Fore and Aft Control 

To enable the pilot to raise and depress the nose at wiU, a hinged 
control surface or elevator is fitted on the trailing edge of the tailplane 
and connected by levers and cables to the control column in the pilot’s 
cockpit. 

When the pilot depresses the elevator he gives the tailplane and 
elevator effective camber with an angle of attack to the airstream, which 
introduces a lifting force tending to turn the nose of the aeroplane down 
(Tig. 7); 

Similarly, when he raises the elevator he introduces a downward 
force on the tailplane which tends to turn the nose up. 

x/Directional Stability 

If a gust of wdnd deflects or yaws the nose of this aeroplane to one side. 
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Fig. 9.—Diregtional stability. 

A vertical fin has been fitted on the tail. If a gust of wind deflects the nose of the 
aeroplane to one side a righting force is now introduced which tends to turn the nose back 
into wind. 



(a) //V y/jpv 



Although statically stable directionally, an aeroplane may, if disturbed, continue to 
“ hunt ’’ regularly (a); or to oscillate with increasing amplitude in yaw (6). In such 
event it would be d\niamically unstable directionally. 
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Fig. 11.— Ruddeb control. 

When the rudder is put over to port, a force is introduced which tends to turn the nose 
of the aeroplane to port and vice versa. 

say to port, it will proceed “ crabwise,” skidding or sideslipping to star¬ 
board (Mg. 8). 

There is no obvious reason why it should either turn further to port 
or turn back into wind. 

As viewed in plan, the aeroplane might be in what is called a nev.trally 
stable state of motion, like the neutrally stable state of rest of a ball on a 
billiard table, which, if displaced slightly, stays at the spot to which it is 
moved. 

A vertical fin is erected on the tail. If the nose goes to one side now 
the airstream strikes the tail fin on the other side and, acting at this 
considerable distance aft of the centre of gravity, tends to turn the nose 
back into wind (Fig. 9). The aeroplane acts like a weathercock and is 
now said to be statically stable directionally. Although the aeroplane 
is turned back into wind by the tail fin, it may overshoot the centre 
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12 , —Lateral stability is normally secured by giving the wings dihedral 

ANGLE. 


position every time and oscillate or hunt in yaw, in which case it would 
be dynamically unstable directionally (Fig. 10). 

Directional Control 

To enable the pilot to turn the nose to port or starboard at will, a 
hinged control surface or rudder is fitted to the back of the tail fin and 
connected wdth levers and cables to the rudder bar in the pilot’s cockpit. 



//V /9£Z/5W/^/V' 7-0 
TM£ 


Fig. 13. —Showing the stabilising effect of dihedral angle. 
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If the pilot puts his rudder over to port, he gives the fin and rudder 
effective camber with an angle of attack to the airstream which introduces 
force tending to turn the nose to port (Eig. 11). 

Lateral Stability 

If this aeroplane is banked over to port by a bump under the star¬ 
board wing, it will proceed to sideslip downwards to port. 

Lateral stability is normally secured by giving the wings dihedral 
angle—^that is, fitting them at a slight positive angle to the horizontal 
as viewed in front elevation (Fig. 12). 

When the aeroplane sideslips now,'the air strikes the under surface of 
the depressed wing at a greater angle of attack than it does the elevated 
wing. So long as the depressed wing remains unstalled, the lift of the 
depressed wing is thus increased and a righting moment is introduced 
which tends to put the aeroplane back on an even keel laterally (Fig. 13). 
In other words, the aeroplane is now statically stable laterally. 





/=X>/?CjE OAl 

/^NO Ruooa/? 

Fig. 15. —^Entering a turn*. 

jr on entering a turn, the fin and rudder become inclined to 
component of the air force on the fin and rudder tends to 
must correct for this by pulling his elevator up slightly. 
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It may, lioweTer,l)e 
dynamically unstable 
laterally, and continue 
to oscillate in roll about 
its longitudinal axis. 

Lateral Control 

To enable the pilot 
to bank on turns or for 
any other reason, suet 
as to sideslip, hinged 
control surfaces or aile¬ 
rons are fitted on the 
trailing edges of the 
wing tips and connected 
to the pilot’s control 

column. 

When the pilot moves the ailerons on his port wings up they reduce 
the camber and effective angle of attack of their wing tips. If the wings 
are unstalled this reduces their lift; at the same time the downward 
moving ailerons on the starboard wing tips increase their camber, angle 
of attack and this increases their lift. A couple is thus introduced, 
tending to roll or hank the aeroplane to port (Fig. 14). 

Level Turns—^Interaction of Controls 

When the pilot turns the nose of his aeroplane to one side with his 
rudder, it commences to skid round, sideslipping outwards. If the wings 
are unstaUed, the sideslip, as a result of the dihedral angle at which the 
wings are set, introduces a rolling couple tending to bank the aeroplane 
automatically in the right direction for the turn. It may, however, 
bank over too much, and proceed to sideslip inwards or bank over too 
little and continue to sideslip outwards. By using his ailerons the pilot 
can bank correctly and turn comfortably without sideslipping. 

If the pilot uses his ailerons only and banks to one side, say to port, 
the aeroplane will commence to sideslip downwards to port. The weather¬ 
cock effect of the tail fin and rudder will then tend to turn the nose down¬ 
wards and to port. 

It is thus obvious that in order to enter a turn correctly, without side¬ 
slipping, the pilot must put on the correct relative amounts of both 
rudder and aileron. 

As the aeroplane banks over, the fin and rudder cease to be vertical 
and the vertical component of the resultant air force on the fin and 
rudder tends to turn the nose down (Fig. 15). To prevent the nose ffom 
dropping the pilot must puH his elevator up a little and introduce an equal 
downward force on the tailplane and elevator. 


I /QX/S OF 
y - TiJF?A/ 



Fig, 17.—In a correctly banked level turn the 

ANGLE OF ATTACK OF BOTH WINGS IS THE SAME. 

The inner depressed wing tips travel round the vertical 
axis of the turn in a smaller circle than the outer elevated 
wing tips, their velocity is therefore less and so their 
lift is less. Hence the tendency to overbank in a level 
turn. 

with levers and cables to each other and 
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Fig. IS. — In a “ vertical bank ” tkb ein and rudder are nearly horizontal and the 

TAILPLANE AND ELEVATOR ARE NEARLY VERTICAL. 

Forces in a Level Turn 

The total hft on an aeroplane in a level turn acts at an angle to the 
vertical (Fig. 16). 

To turn steadily in a circle at constant speed, the horizontal com¬ 
ponent of the total lift, which acts inwards, must equal the centrifugal 
force on the aeroplane in the same way as when a stone is whirled round 
on the end of a string, the string must exert the force required to prevent 
the stone from flying off at a tangent. 

The vertical component of the total lift must equal the all-up weight 
in a correctly banked level turn, so the total lift must be greater than in 
horizontal flight on an even keel. To tmn correctly without losing 
height the pilot must, therefore, either increase the engine r.p.m. as he 
enters the turn and fly a httle faster at the same angle of attack, or pull 
his elevator further back in order to turn the nose up slightly and increase 
the angle of attack of the wings. In the latter event the drag of the 
wings will also be increased and he will therefore require to increase the 
r.p.m*. of the engine in order to maintain the speed at which he com¬ 
menced to turn. He must also, of course, take off the extra bit of elevator 
movement after it has given the wings their correct angle of attack, 
otherwise the angle of attack would continue to increase. 
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In a level turn the inner depressed wing tips are moving round the 
vertical axis of the turn in a smaller circle than the outer wing tips 
(Fig. 17). The inner wing tips are therefore moving more slowly through 
the air and the lift of the inner wings is then less than that of the outer 
wings. This is why an aeroplane tends to overbank in a level turn and 
why the pilot must ease off and in some cases reverse his ailerons in order 
not to overhank. 

Wing Loading and Load Factor 

As in cornering a car, the faster an aeroplane is travelling and the 
sharper the turn, the steeper the bank required to turn correctly. 

The steeper the bank the greater the lift must be for its vertical 
component to equal the weight of the aeroplane and so maintain height. 
The air pressure per square foot on the wings, the wing loading as it is 
called, is, therefore, considerably greater in tight turns than in horizontal 
flight on an even keel. It may become five or more times the normal 
loading in straight flight. If the wings are designed to carry, say, seven 
times the loading required to support the weight in horizontal flight on 
an even keel they are said to have a “ load factor ” of seven and would 
fail if the loading were increased beyond that figure. 

Rudder and Elevator Controls in Steeply Banked Turns 

The steeper the bank the more the fin and rudder become inclined to 
the vertical. In what is called a vertical bank,” the fin and rudder 
are nearly horizontal and the tailplane and elevator are nearly vertical 
(Fig. 18). 

The steeper the bank required for the turn the more the elevator 
must, therefore, be pulled up to keep the aeroplane turning, while the 
rudder must be reversed to keep the nose from dropping. It is some¬ 
times incorrectly stated that the rudder becomes the elevator and vice 
versa in a vertical bank. 
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CONTROLS 

Balanced Controls 

In order that the pilot should not become over-fatigued on long 
flights and in bumpy weather, the control surfaces are often partially 
balanced. 

One method is to place a portion of the control surface in front of its 
hinge hne, so that when the control is moved the air striking the front 
portion assists the pilot to move the control. A horn balanced rudder 
is shown in Fig. 1. Note tlie position of the hinge hne and the horn or 
portion in front of it. A similarly balanced elevator is shown in Fig. 2, 
with its leading edge in front of its hinge line. 

Care must be taken not to overbalance controls, otherwise the pilot 
loses '■' feel ” and, furthermore, controls overbalanced in the above manner 
would be mistable in their neutral position. As we have already seen, 
the resultant force on an aerofoil normally acts weU forward and moves 
farther forward as its angle of attack increases. If the centre of pressure 
of the control surface moved forward of the hinge line, the control surface 
would tend to blow right over (Fig. 3). Much more than half of the 
control surface ihust therefore he behind its hinge line. 

Another method 
of hghtening con¬ 
trols is by fitting 
balance tabs. A 
moveable sxirface or 
balance tab is 
hinged to thetrail- 
mg edge of the 
elevator and con¬ 
nected to a fixed 
point on the tail 
plane by a lever 
and rod, so that 
when the phot 
moves the elevator. 



the balance tab 
moves over in the 
opposite direction. 
The resulting air 


Fig. 1. —HOEM BALANCED EtTDDEB. 

"When the pilot moves the rudder the air striking the horn 
or portion in front of the hinge line assists him in moving it 
further. 
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Fig. 2 [above). — A horn 

BALANCED RUDDER 
AND ELEVATOR. 


Fig. 3 (left). — An over¬ 
balanced RUDDER. 

If the centre of 
pressure of the control 
surface moves forward 
of the hinge line the 
control surface is over¬ 
balanced and will tend 
to blow right over. 
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Fig. 4b. 


Figs. 4a and 4b. —A balance tab fitted on an elevatok. 

The pilot operates the elevator directly and movement of the balance tab is dependent 
upon the movement of the elevator. The lever on the tab is pin-jointed to a rod which 
in turn is pin-jointed to a fixed point on the tail plane. The balance tab therefore moves 
in the opposite direction to the elevator and the air pressure on the tab then assists the 
pilot to move the elevator further. In Fig. 4b the rod from the balance tab is attached 
to an extension from the fixed portion of one of the elevator hinge points. . 


pressure on the balance tab assists the pilot to moYe the elevator in the 
desired direction (Fig. 4, a and b). 

Fig. 5 shows a similarly lightened rudder. The rod from the balance 
tab lever is attached to a fixed point on the fin, so that on moving the 
rudder the balance tab on the trailing edge moves in the opposite direction. 

Fig. 6 is an example of a sii^arly lightened aileron working on 
exactly the same principles. 


22—2 
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The rod from fitted ok ak aileeok. 

one of the aileron hinge points^ extension from the fixed portion 

moves up and vice versa, * pfiot moves the aileron down the balance t: 


x* cy. o. -A JiAUAKCE TAB BITTED OK A RUDDER . 

® balance tab is pin-jointed to an arm rigidly attached to the fin. Wher 
ThP^fr the rudder to one side the balance tab moves in the opposite direction 

balance tab then assists the pilot to move the rudder further over 
thus lightening the rudder control. Another view is shown in Fig. 4b. 
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Fig. 7c. 

Figs. 7a, 7b and 7c,— ^An early form of servo control applied to a rtjddeb. 

When the pilot operates the rudder control in his cockpit the first effect is to move the 
servo tab in the opposite direction and thus introduce a force tending to move the rudder 
in the desired direction. On application of further rudder control the spring linkage, 
shown clearly in (a) and (6), extends and the pilot ultimately operates the rudder directly. 
From this stage onwards the servo tab acts as a balance tab or lightening device. 

Servo Controls 

Servo controls consist of a hinged surface or servo tab, attached aft 
of the main control surface, but so connected that the pilot moves the 
servo tab in the opposite direction to that in which he wishes to move the 
main control. The leverage of the resulting air pressure on the servo 
tab about the hinge line of the main control then proceeds to move the 
main control surface in the desired direction (Fig. 7, a, b and c). 

When the pilot puts on still more rudder he extends a spring linkage 
until, when fully extended, he pulls directly on the rudder. From this 
stage onwards the servo tab acts as a balance tab or a lightening device, 
assisting the pilot to move the rudder farther over. 

Fig. 8, a, b and c, show a servo controlled elevator with a servo tab 
hinged on its trailing edge. The servo tab is moved first and the air 
pressure on it proceeds to move the elevator over in the opposite direction. 
In this case the spring linkage in the main control is replaced by stops, 
which enable the pilot to operate his elevator directly after having moved 
the servo tab over a certain amount. 

9 gives an example of the same principle applied to a rudder, 
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ROCKING LEVER 


Fias 8a 8b and 8c.—A servo tab bitted oh ah elevator. 
The servo tab is ireetly operated PiloVs 

diection.^ Wn the 

tab or lightening device, 





f^ing tip, normally 
d up on the other 
drag because the 


le of attack 
n for the d< 
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Fig. 11 {left).— 
Aileron drag. 

Aileron drag is made 
use of in taxying. The 
downgoing aileron in¬ 
creases the effective 
angle of attack and the 
drag of its wing tip. 
The port aileron is there¬ 
fore put down in turning 
to port on tho ground, 
and lice versa. 


Aileron Drag 

In entering a turn to port, in normal unstalled flight, the pilot pulls 
the starboard ailerons down. This increases the virtual camber and 



Fig. 12.— Reduction of aileron drag—differential ailerons. 

The ailerons are connected differentially so that the upward moving aileron moves up 
much more than the downward moving aileron moves down. This tends to increase the 
drag of the depressed wing tip and minimise the drag of the raised wing tip, and thus 
introduces a yawing couple in the right direction for the desired turn. 
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FRISE AILERON UP 
TURBULENT AIRFLOW 


Fig. 13 a 



FRISE AILERON DOWN 
SMOOTH AIRFLOW 

Fig. 13b, 

13a and 13b. — Redaction of aileron drag—frise ailerons. 

{a) The nose of the aileron which is put up in order to reduce the lift and so depress 
its wing tip, projects below the lower surface of the wing, thus increasing the drag of this 
wing tip and so tending to yaw the aeroplane in the right direction for the intended turn. 

(6) The aileron on the other wing tip which is put down to increase the lift and raise 
that wing tip, preserves continuity of surface with the main plane and minimises the 
undesirable drag in the wrong direction for the turn. 

angle of attack, thereby increasing the lift of the starboard wing tips 
and also their drag. The upward moving port ailerons reduce the virtual 
camber, angle of attack, lift and drag of the port wing tips. In addition 
to the roUhig couple, another couple is thus introduced which tends to 
turn the nose to starboard, the wrong direction for the desired turn 
(Fig. 10). This is the direct effect of aileron drag. Aileron drag is made 
use of in taxying. When taxying, the wings are stalled so that the 
downward moving aileron increases the drag of its wing tip considerably. 
The port aileron is therefore put down in order to assist an aeroplane to 
turn to port when taxying on the ground (Fig. 11). 
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Fig. 14.—An example op a prise aileron. 

Note the hinge points and how the nose of this upturned 
aileron protrudes below the lower surface of the wing. 


In flight, at iior- 
nial angles of 
attack, the pilot 
can correct the ten¬ 
dency to yaw m 
the wrong direction 
with the rudder, 
but when stalled, 
not only does the 
doTO-going aileron 
increase the drag 
of its wing tip 
considerably by in¬ 
creasing the angle 
of attack beyond 
the stalling angle, 
it also reduces the 
lift instead of in¬ 
creasing it. 

Not only does the aeroplane 
now tend to yaw in the wrong 
direction, it actually rolls over 
in the wrong direction and is 
quite Kkely to fall into a spin 
before the pilot can regain 
normal control. 

Various devices have been 
developed to overcome these 
two aileron defects and enable 
the pilot to retain lateral con¬ 
trol when nearly stalled. 

The effects desired are that 
the down-going ailerons should 
increase the lift and decrease 
the drag of their wing tips and 
that the up-going ailerons 
should decrease the lift and 
increase the drag of their wing 
tips. The aeroplane would 
then tend to yaw in the right 
direction for the bank and, 
when stalled, the down-going 
aileron would still tend to raise 
its wing as in normal flight. 

One method of achieving 


tNTERCePTOR 



Fig. loA. 


fNTEPCePTOP 



Fig. 15b. 

Figs. 15a and 15b. — Another method op over¬ 
coming THE EFFECTS OP AILERON DRAG. 

(а) The interceptor moves up and interrupts 
the airflow under the open Handley Page slat 
when the aileron behind it is moved up. The 
drag of this wing tip is therefore increased and 
its lift is decreased. 

(б) The interceptor on the other wing tip 
remains down when its aileron is moved down 
to increase its lift, 
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F'lg. 10 (left ).—A teim- 
MING TAB ADJUSTABLE 
ON THE GROUND ONLY, 

eitted on a budder. 


Fig. 17 (below ).—A trim¬ 
ming TAB ADJUSTABLE 
ON THE GROUND ONLY, 
BITTED ON AN ELE¬ 
VATOR. 
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Fig, 18.—An example of a trimming tab adjustable on the ground only, 

FITTED ON AN AILERON. 


this object is to intercoimect the ailerons differentially, so that the 
upward moving aileron moves up through a much larger angle than the 
downward moving aileron moves down. The upward moving aileron thus 
induces more drag than the downward moving aileron (Fig. 12). 

Frise ailerons, which are partially balanced, are so shaped that 
the down-going aileron preserves continuity of surface with the top 
surface of the main plane, thus giving minimum drag, while the nose 
of the up-going aileron protrudes below the lower surface of the main 
plane, thereby causing turbulence and increasing the drag (Fig. 13, a 
and 6). 

A typical Frise aileron is shown in Fig. 14. Note the position of the 
hinge line and how the leading edge of the aileron protrudes below the 
lower surface of the main plane when the aileron is up. 

Where automatic Handley Page 
• 1 slats are installed, a narrow plate, 
called an interceptor, is somethnes 
fitted, so that it moves up and 
interrupts or spoils the flow of 

Fig. tabs on bbise Handley Page slat 

AILERONS. when the aileron on that wmg 


If the trimming tab on a Frise aileron 
is adjusted downwards too far, the aileron 
may overbalance when it is moved up and 
its leading edge protrudes below the bottom 
surface of the wing. 


moves up. The lift is decreased 
and the drag increased by disturb¬ 
ing the air flow over the wing on 
which the aileron is moved up. 
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Fiqs. 20a and 20b.—Tail tbimming geab. ^ ^ 

• 4 . V. €jri^n«;+flble in flieiit, used as a tail trimnaing gear. 

An example of a trimming tab adjustable in mg 

, +v,P flilpron is m its neutral ana 

The interceptor remains down when 
down positions (Fig. 15, a, b, c an ). 


Trimming Tabs ^ bmh-sneed aeroplanes acouxately 

It is practically impossible ° ^ .^rim ” and under comfortable 

enough on the ground for them to Je m trim 

control, when flying at over ^®l^^egularities, too smaU to detect 
Minor rigging errors and some cases, dangerous 

on the ground, are found to have larp anu, m 

effects on trim and control at very trailing edges of the 

Trimming tabs are accordmgly fatted along 

^fSfoSSdlnTmd'te.'Pig. 11 one on an elevator and 

^srStrareM^-e 

flxed limits. They are used to meet the fane aa] 
control, found necessary on air test. 
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Trimming Tabs on 
Ailerons 

Trimming tabs 
on ailerons have 
two effects. They 
may be used either 
to lighten the 
aileron control 
system as a whole 
or to obtain 
lateral trim. 

A word of 
w^arning is called 
for when adjusting 
trimming tabs on 
Prise ailerons. 
When the trimming 
tabs on both 
ailerons are ad¬ 
justed down’wards 
they tend to make 
both ailerons fly up 
at their trailmg 
edges and so 
Hgliten the whole aileron control system. In the case of Prise ailerons this 
may result in overbalancing when the leading edge of the upward moving 
aileron protrudes below the bottom surface of the wing (Pig. 19). 

In order to avoid the risk of over-balancing Prise ailerons, their trim¬ 
ming tabs should therefore only be used for lateral trimming. The 
trimming tab on the aileron of the wing which is flying low should not 
normally be rigged down in order to bring that wing up, lest it become 
overbalanced. The trimming tab on the wing which is flying high 
should, rather, be rigged up in order to bring that wing down. 



Fig. 21.— Ruddee bias geae. 

The upper tab on this horn balanced rudder is a rudder 
bias gear. Its angle relative to the rudder can be adjusted in 
flight. The lower tab is the servo tab shown in Fig. 9. 


Tail Trimming and Rudder Bias Gear 

Hinged surfaces or trimming tabs under the pilot’s control in the air, 
are sometimes fitted on the trailing edges of elevators to enable the pilot 
to put his aeroplane in longitudinal trim for the speed at which he washes 
to cruise. An example of such a tail trimming gear is shown in Pig. 20, 
a and b. 

Similarly fitted on the rudder, a trimming tab enables the pilot to 
correct for the yawing effect of the airscrew slipstream on the fin and to 
put his aeroplane in directional trim (Fig. 21). 

The pilot’s control of such trimming tabs is entirely independent of 
his normal elevator and rudder controls. 



THE ORGANISATION OF 
AERONAUTICAL RADIO SERVICES 

R adio services for aviation are divided into three main classifica¬ 
tions :— 

1. Point-to-point service. 

2. Meteorological service. 

3. Aircraft service. 

The point-to-point service exists for the purpose of providing channels 
for speedy communications between airports concerning the movements 
of aircraft and details of loads carried. In addition, this service is used 
for the dissemination of urgent mformation concerning the state of 
landing grounds and other factors governing the safety and reliability 
of ah' transport. 

The Point-to-Point Service 

In Europe, the point-to-point service, in common with those other 
serrices mentioned above, is provided by mutual arrangement between 
the various countries and no charge is made for the messages handled, 
as it is considered that they are vital to the safety of operations. Each 
principal ahport is equipped with a station capable of handling this class 
of traffic and the frequencies used are as follows :— 

257 kcs. (1,167 metres). Esthonia, Latvia, Lithuania, Poland, Rou- 

mania and Germany (Konigsberg). 

260 kcs. (1,151 metres). Albania, Algeria, Bulgaria, Egypt, Spain, 

Southern Prance, Greece, Southern Italy, 
Morocco, Palestine, Syria, Tripoli, Tunis, 
Turkey and Yugo-Slavia. 

264 kcs. (1,136 metres). Germany (Munich), Austria, Switzerland and 

Northern France (except Le Bourget). 

268 kcs. (1,119 metres). Germany (except Konigsberg and Munich), 

Belgium, Denmark, Finland, France (Le 
Bourget), Great Britain, Hungary, Italy, 
Netherlands, Czecho-Slovakia, Norway and 
Sweden. 

A table showiug the intermediate and short waves for the traffic 
service can be found in Volume I of Eeglement du Service International des 
TelecommimiccLtions de VAerouciuUque. 

Details of the stations employed on the poiut-to-point or traffic 
service can be found in Volume II of Reglement du Service International 
des Telecommunications de VAeronautique, which is obtainable from the 
Secretary, Air Ministry (C.A.2), Ariel House, Strand, W.C.2. 
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With the increase in tlie amount of traffic which has to be handled 
the above-mentioned frequencies have shown a tendency to become 
congested, with the result that certain frequencies liave been allotted in 
the high frequency bands for the service and at present tests are being 
made with a view to standardising frequencies for day and night operation. 
When these tests have been completed, the medium waves at present in 
use will be discontinued. A further reason necessitating the relinquishing 
of medium waves for the aeronautical traffic service lies in the gradual 
increase in the power of broadcasting stations in the frequency bands 
adjacent to those allotted to the aeronautical service. 

Direct Telegraph Circuits 

A further relief to the congestion in the radio channels has been 
obtained by employing direct telegraph circuits between airports and 
traffic is transmitted and received by teleprinters, thus providing a written 
record of all traffic. x4t present, a large number of airports are thus 
connected by private lines and this type of communication will increase 
rapidly. 

Codes 

In order to accelerate the transmission of messages and to reduce their 
length to the minimum, the following codes have been introduced - 

(а) Two-letter groups denoting place names. 

(б) Three-letter groups denoting type of load carried and the move¬ 

ments of the aircraft. 

In addition, names of companies are usually abbreviated by employing 
their initials only. The following is an example of a coded message 
relating to the departure of an aircraft:— 
lALPS 

G—^AEXZ Smith dep 1300 pap 14 pag 3 pos 9 lbs cop 15 lbs fre 50 lbs. 

lAL LO 

This message would read as follows :— 

To : Imperial Airways Ltd., Paris. 

Aircraft G—^AEXZ, Pilot Smith, left Croydon for Paris at 1300 hours, 
carrying 14 fare-paying passengers, 3 free passengers, 9 lbs. of post, 
15 lbs. of postal packages and 50 lbs. of freight. 

Prom : Imperial Airways Ltd., London. 

Details of the codes used for traffic messages can be found in Volume 
n of Reglement du Service International des Telecommunications de VAero- 
nautique. 

In addition to communications relative to movements of aircraft and 
their loac^, the traffic service also handles messages which are necessary 
for securing regularity and safety. Such messages contain information 
or orders relative to crews, material or disposition of aircraft. Such 
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l-o?y coiirlesy of Marconi's Wireless Telegraph Co. Lid. 
-Ihe control toweb, oboydon. 
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messages may also contain reference to a change of pilots, the despatch 
of spare parts, alterations to the schedules of regular services, order'! 
regarding landings at airports not regularly used for the purpose of 
embarking or disembarking passengers. 

Meteorological Service 

A special radio service has been provided on an international basis 
in Europe and countries on adjacent continents for the purpose of exchang¬ 
ing regularly information concerning weather conditions. The following 
freq^uencies are employed :— 

280 kcs. (1,071 metres). 5,830 kcs. (51*46 metres). 

284 kcs. (1,056 metres). 6,975 kcs. (43*01 metres). 

288 kcs. (1,042 metres). 

Europe and Northern Africa have been divided up into various zones 
to each of which a separate frequency chosen from those mentioned above 
has been allotted, and in most of these areas there are six stations broad¬ 
casting weather reports every half-hour ; thus, in North-west Europe, 
it is possible for a pilot at an aerodrome such as Le Bourget to obtain 
an up-to-the-moment picture of the weather in the area bounded by the 
West Coast of France, Southern England, Amsterdam, Cologne and 
Paris, at any time of the day or night. 

It may be mentioned here that these reports can be of considerable 
value to pilots in large transport aircraft where a receiver other than that 
normally used for communication with the ground is installed. In 
addition, area collective reports are transmitted by Paris, Berlin, Warsaw, 
Rome and Bucarest at certain times during the day on a frequency of 
276 kcs. (1,087 metres). 

These reports, which are sent in code, are intercepted at all the 
principal meteorological stations throughout Europe and form the basis 
upon wdiich area forecasts are prepared. These forecasts in turn are made 
available to pilots and others interested at the various airports throughout 
Europe. 

In order to make this scheme as comprehensive as possible, arrange¬ 
ments have been made for these collective reports to be transmitted on 
short waves, and reports from the American continent are regularly 
received three times a day from the radio station at Annapolis. Thus, 
it is possible for the forecaster to draw a map showing the distribution 
of pressure over the whole of the Northern Hemisphere, and this chart is 
issued once daily. 

Details of the stations in Europe transmitting coded weather reports 
half-hourly can be found in Volume II of Reglement du Service Inter¬ 
national des Telecommunications de VAeronautique, and the codes used in 
these transmissions can be found in Wireless Weather Messages, 1937 
(M0.252).” 
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;pig^ 3._CON^TROL TOWER AT CROYDON, SHOWINQ TWO TYRES OE MARCONI DIRECTION EINDING RECEIVERS. 
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Aircraft Service 

The Aircraft Radio Service in Europe is organised on an international 
basis and a common band of frequencies is used. The following services 
are provided:— 

(A) Normal two-way communication with airports. 

(B) Direction finding service. 

(C) Radio beacon service. 

(A) Normal Two-way Communication with Airports 

Each aircraft equipped with radio is required to send such signals as 
are considered necessary to ensure the safety of its occupants and those 
on other aircraft flying in the same area. Each main airport radio station 
has a communication area allotted to it and aircraft in flight must com¬ 
municate only with the principal station of the area over which it finds 
itself. It is necessary for this rule to be rigorously observed in order to 
avoid overloading stations with communications not of primary concern 
to them. 

In addition to the main communication areas, controlled zones have 
been laid down for most of the important airports, and under certain 
weather conditions, usually when the visibility is less than 100 metres 
or the clouds lower than 300 metres, special rules have to be observed by 
ahcraft approaching and passing through these zones preparatory to 
effecting a landing at the terminal airport. 

The imposition of these special rules and the gradual increase in the 
amount of signalling taking place on the international air routes has 
necessitated a restriction in the number of messages which aircraft are 
permitted to send, and in general it may be stated that they are confined 
to the following :— 

(fit) A signal announcing a departure from an airport in which the 
starting time and the destination can be stated. 

{b) Position reports which are made when passing certain places or 
landmarks which have been specified internationally. 

(c) Specia,! reports made when flying in bad visibihty or cloud. In 
addition, aircraft flying in these conditions are obliged to report 
all changes of height and course in order that the ground control 
may obtain a clear indication of the positions of all aircraft 
within its area and that it may notify pilots of other aircraft 
m their vicinity, thus providing a measure of prevention against 
collisions. 

Messages Concerning Safety of Aircraft 

In addition to the above categories, there are, of course, messages 
hea diu^ ^ safety of the aircraft, and these can be placed under two 
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(a) DistresKS messages which are sent by an aircraft when it is in 
serious danger and requires immediate assistance. The 
existence of such a state of emergency is, of course, notified h 
the transmission of tlie signal SOS when telegraphy is used and 
the spoken word ‘‘ Mayday ” if telephony is employed. 

{!)) Urgency messages, which are preceded by the group XXX trans¬ 
mitted three times and followed by tlie call. This signal indicates 
that the aircraft lias a very urgent message to send concerning 
the safety of the aircraft itself or a ship or aircraft in sight. 

When an aircraft wishes to notify the control station that it is obliged 
to land, although not in need of immediate assistance, it notifies the fact 
by transmitting the signal PAN in telegraphy, or the word “ Panne’’in 
radio-telephony, and tins signal is nsnally followed by a message giving 
details of the state of urgency. 

The above-mentioned signals, of cioimsc, have priority over all other 
types of message. 

(B) Direction Finding Service 

In order to provide a check on the navigation of aircraft, wdien flying 
in bad weather, direction finding stations are provided which usually 
work in groups of three, a group being allotted in general to each com¬ 
munication area. 

In addition to positions by direction finding obtained from bearings 
taken by the three stations and plotted on a map at the Area Control 
Station, the following types of D.P. assistance are available :— 

(а) The true hearing of the aircraft from the station addressed. 

(б) The true reciprocal of the aircraft from the station addressed. 

(c) The magnetic bearing of the aircraft from the station addressed. 

(d) The magnetic reciprocal bearing of the aircraft from the station 

addressed. 

(e) The true bearing and distance of the aircraft from the station 

addressed. 

(/) The magnetic reciprocal bearing and distance of the aircraft from 
the station addressed (this information can only be obtained at 
present from stations in the United Kingdom). 

The majority of the direction finding stations in Europe and adjacent 
continents are at present of the Bellini-Tosi type, and are not able to 
give accurate bearings between sunset and sunrise beyond a radius of 
approximately 30 miles. With the increase in the amount of night 
however, stations utilising the Adcock system are being erected 
both in Europe and on the Empire air routes and bearings should then 
have an accuracy of the order of plus or minus 

(C) Radio Beacon Service 

The various systems can be classified under the following headings :— 
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Fig. 4. Two marcoivi-adcock B.i'.g, 10 birectioni eindebs working off a comaion aeriar system. 
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(а) Omni-directional beacons employing medium waves. 

(б) Equi-signal beacons employing medium waves, which sub-divide 

into the following classifications :— 

I (i.) Four-course beacons emitting signals received aurally. 

(ii.) Four-course beacons emitting signals received visually. 

(hi.) Tw^o-course beacons emitting signals received aurally. 

(iv.) Two-course beacons emitting signals received visually. 

(c) Rotating beacons employing medium waves. 

(d) Two-course beacons employing ultra high frequency waves. 

(e) Single-course beacons employing ultra high frequency waves. 

( /) Marker beacons. 

Brief descriptions of the above-mentioned types are as follows :— 

(a) The omni-directional beacon comprises a transmitter emitting a 

signal consisting of a series of call signs indicating the name of 
the station, followed by a steady dash. Transmissions from a 
group of these stations are arranged to permit positions to be 
obtained by observing the bearings of two or more consecutive 
emissions. Of course, the bearings are obtained by means of 
direction finding apparatus fitted to the aircraft. 

The organisation set up around the shores of the British 
Isles for the prime benefit of the mercantile marine presents a 
good example of the use of radio beacons as described 
above. 

This type of beacon is used for navigational purposes only 
and does not, of course, lend itself to aerodrome approach and 
landing work. It has decided advantages, however, on air 
routes where wireless traffic is congested, for, if a group of such 
stations is installed, working on frequencies other than those 
employed for normal communication, it is possible for pilots, by 
carrying additional D.F. receivers in their aircraft, to obtain 
positions without sending out requests for such information to 
the aerodrome ground stations. 

(b) (i.) This type of beacon comprises a transmitter feeding two loop 

antemrae in such a way that each antenna is energised 
alternately with the components of Morse characters which 
will provide an “ interlock.” For instance, suppose that the 
letter A (—) is transmitted from one antenna and the 
letter N (—) from the other, a continuous note will be heard 
when the aircraft is being flown within a zone on either side 
of an imaginary line bisecting the angle between each 
antenna. 

This type of beacon is used mainly for navigational 
purposes, although, provided the power is suitably adjusted, 
it can be used in conjunction with marker beacons for 
approach work. 
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Fig, 5. —Marconi visual beacon transivutter at croydon aerodroaie. 

(b) (ii.) This system is similar to (b) (i.) except that the antennsB are 
energised with a constant carrier modulated by some suitably 
chosen low frequencies differing from one another by about 
20 cycles, a single modulating frequency being applied to 
each branch of the aerial system. The four equi-signal 
zones are obtained by slightly misphasing the currents 
apphed to adjacent branches of the antenna system. 

Here again, this is a type of beacon at one time used for 
navigational purposes, but, although a sound system, is not 
now employed because visual indication can be obtained in 
the aircraft by using other transmitting systems of a less 
complicated nature. 
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(6) (iii.) This type of beacon first originated in Holland and comprises 
an aerial system having a single closed loop and a vertical ” 
aerial. The loop is energised by a continuous carrier wave 
the “ vertical ’’ aerial emitting a pre-arranged combination 
of dots and dashes alternately. The currents in the ‘‘ ver¬ 
tical ’’ aerial are so phased that at one instant they are in 
phase with the current in one half of the loop, and at the 
next with the current in the other half. Thus, a heart- 
shaped polar diagram is produced, the maximum radiation 
from which alternates in direction by 180°; dots pre¬ 
dominating in one direction, dashes in the other. An equi- 
signal zone will be produced on either side of a line drawn 
at right-angles through the centre of the loop aerial. In 
this zone a continuous signal will be received, dots or 
dashes being heard as one proceeds to one side or the other 
of it. 

A station of this type, together with associated marker 
beacons, has recently been installed by the Marconi Company 
at the Liverpool Airport. 

The ultra high frequency beacon system described further 
on in these notes presents no advantages over those'possessed 
by the so-called Dutch ’’ beacon. Provided that marker 
beacons are installed and the aircraft is equipped with a 
sensitive altimeter, it is possible for pilots to fly along the 
horizontal beam from the main beacon until they reach the 
outer marker. Knowing the distance between the outer and 
the inner marker beacons, it is comparatively easy to adjust 
the glide of the aircraft so that, when the signal from the 
inner (or boundary) marker is heard, it is at a height from 
which the landing can be made in a normal manner. An 
added advantage, of course, is that no additional receiving 
apparatus is required, although an attachment, giving visual 
indication of the main beacon signal, can be added if required. 
This attachment consists of a rectifying system, the output 
from which actuates a milliammeter of the centre reading 
type. 

(c) This type of beacon was developed by the Royal Aeronautical 
Establishment, but the commercial rights are held by the 
Marconi Company. It consists of a single frame aerial which 
rotates clockwise once every minute. A '' starting ’’ signal, 
consisting of a characteristic Morse symbol, is transmitted when 
the frame passes through 0° and again at 90°. Two “ starting ” 
signals are necessary, since an observer situated on the North- 
South line would not hear the Northern starting’’ signal 
since he would be in the region of least signal intensity. By 
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observing the time taken between the t-Vo 

disappearance of the signal, one's o-ai-in^ U 
beacon station can be obtained. To n.eili:a;e coerc^v^V 
special stop-watches calibrated in dec^rees -.01 no^• ];e -nn 
thus enabling direct readings to be taken. - 

This type of beacon has not received veiv mncL 
and is only of use for natdgational Xjui-poses. 

{d) The ultra high frequency beacon vras first developed in Arnerica. 
The most frequently employed st-stem at iDresent is that develon^^d 
jointly by Telefunken and Lorenz in Ciermany for the Air 
Ministry of the Reich. 

This type of station consists of a transmitter which feeds a 
dipole aerial, on either side of which is a refiector vrhicli can be 
open-circuited. If these reflectors are keyed alternphelv;, one 
by dots and the other by dashes, two equi-signal zones will be 
created—one in front and one behind the beacon station. The 
action of keying the reflectors results in the production of a 
field pattern in which the maximum radiation is at right angles 
to the centre of the equi-signal zones. It will be seen therefore 
that, despite the fact that the radiation on 9 metres attenuates 
very rapidly at ground level, there is a great danger of inter¬ 
ference occurriug in aircraft flying at a height on a beacon of 
similar type some distance away, the amount of interference 
depending upon the distance between the two beacons and the 
height at which the aircraft is flying. Of course, this state of 
affairs can only occur if the two stations referred to above 
employ the same frequency, but it is a point which requires 
serious consideration in a country where several beacons are to 
be installed. 

If two marker beacons are provided—one situated at a 
distance of a mile or so from the boundary of the airport and 
the other on the airport boundary itself—a pilot can, by adjusting 
his angle of glide as soon as he hears the signal from the outer 
marker, arrange to be at such an altitude over the boundary 
marker as to permit him to make a safe landing by ordinary 
blind flying methods. It is assumed, of course, that aircraft 
wishing to alight in conditions of bad visibility would be 
carrying sensitive altimeters. 

Owing to the amount of energy radiated by this type of 
beacon in unwanted directions, it is necessary to employ a 
relatively large supply of power. 

(e) This system which has been developed by the Marconi Company 
works on the same wavelengths as that employed by the 
Telefunken and Lorenz systems, but it possesses two unique 
features : 
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Fig. 6,—Marconti aural beacon type wbd49, model no. 1089, tor Liverpool. 

Spot wave 355 kes., C.W. signal. Letters for transmission ET on frame aerial 100 watts, 
on open aerial 20 watts. Local or remotely controlled. Employs two marker beacons. 

(i.) The radiation is sensibly concentrated in the desired direction, 
i.e., on the borders of the eqiii-signal zone. This enables a 
considerable saving to be made in the power required to 
operate the station, resulting in lower prime and maintenance 
costs. 

(ii.) O^y one equi-signal zone is normally provided, which results 
in all ambiguity being avoided and, in certain circumstances, 
eases the problem of the control of aircraft in the vicinity of 
busy airports. 

Because of the way in which the radiation is concentrated, 
it is possible to reproduce the ranges obtainable from the 
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Telefunken and Lorenz: radio beacons by the employment of 
approximately one-thii*d the power. 

(/) Marker beacons are employed with approach beacons to indicate 
to a pilot his distance from the landing area. In America, they 
are also used to indicate the intersection of equi-signal zones 
projected from different airports. They can be divided into the 
following categories :— 

(i.) Medium wave route marker beacons. 

(ii.) Medium wave outer and inner marker beacons for use with 
medium wave approach systems. 

(iii.) Ultra high frequency outer and inner marker beacons for use 
with ultra high frequency approach systems. 

(/) (i.) These stations comprise low powered transmitters which 
radiate energy from vertical antennse and transmit a char¬ 
acteristic Morse identification signal. 

(/) (ii.) These types of beacon are arranged to transmit on the same 
frequency as the main beacon with which they are associated, 
but the emission is '' wobbled so as to cover a band 4 kcs. 
wide, i.e., the frequency of the main beacon—2 kcs. 

(/) (iii.) Marker beacons associated with ultra high frequency 
approach beacons transmit on 7-9 metres. The signal 
transmitted from the outer marker consists of a dash 2/5ths 
of a second in duration, followed by a space 1/10th of a 
second in duration, whilst that from the inner marker con¬ 
sists of a dot 1/lOtli of a second in duration followed by a 
space l/15th of a second in duration. 

In countries where there is no congestion in the bands allotted to the 
aeronautical services, the medium w^ave system described in paragraph 
(6) (iii.) is probably more suitable, since it permits the normally carried 
medium wave receiver to be used for approach work, thus avoiding the 
necessity for extra receiving equipment of a complicated nature and 
which will only work satisfactorily when both the bonding and ignition 
screening systems of the aircraft are perfect. Actually, it is difficult to 
see what technical advantages are possessed by the ultra high frequency 
system in countries where there is no great congestion in the medium wave 
band. 

FREQUENCY BANDS ALLOTTED TO THE AIRCRAFT SERVICE 

AT PRESENT 

At present the majority of communication in Europe between aircraft 
and ground station takes place on medium waves and frequencies within 
the band 320-365 kcs. (938-822 metres) are utilised as follows :— 

363 kcs. (826 metres). R/T. and W/T. waves. 

355 kcs. (845 metres). Radio beacon waves. 

348 kcs. (862 metres). R/T. and W/T. waves. 
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342 kcs. (877 metres) 
340 kcs. (882 metres) 
338 kcs. (888 metres) 


Ground station working frequencies. 


336 kcs. (893 metres) 

333 kcs. (900 metres). General calling and distress waves. 

327 kcs. (917 metres). Transmitting wave for aircraft requirmg 

bearing. * 

322 kcs. (932 metres). Controlled zone wave. 

In order to reduce to the minimum the length of the messages trans¬ 
mitted between airport radio stations and aircraft, four codes have been 


introduced :— 


(а) The Q code, consisting of three-letter groups commencing with the 

letter Q, which enable the following information to be exchanged: 

(1) Reciprocal recognition between stations. 

(2) Information concerning the radio service. 

(3) Radio operation, e.g., establishment of communication, routing 

of messages, etc. 

(4) Operation of aircraft, e.g., movements of aircraft, general air 

navigation, D.P. positions and bearings, approaches to 
aerodromes, radio beacon landing signals, control zones, 
lighting of aerodromes, meteorology and meteorological 
advice, messages relating to accidents and danger. 

(б) Miscellaneous abbreviations used in connection with the handling 

of correspondence. 

(c) Service signals. 

{d) The ZZ code which is used in connection with bad weather 


approaches to airports. 

Details of the first three codes can be found in '' Air Publication 1529 ’’ 


(abbreviations to be used in the Civil Aeronautical Radio Service), 
obtainable from H.M. Stationery Office, and details of the ZZ code will 
be found in various Notices to Airmen. 


In addition to the above, a phonetic alphabet has been drawn up for 
use in radio-telephonic communication, details of which will also be found 
in Air Publication 1529.” 



the BRITISH AUTOMATIC PILOT 

Rv Wins-Commander G. W. Williamson, M.(^, 

^ M.LMeeh.E., M.T.E.E. 

T he British Automatic Pilot, known to tlio Royal Air Por(*(‘ as tlu‘ 
Automatic Control, is the invention of Messrs. V. A. Coola^ and h\ 
Meredith, scientists in the employ of tlie Air Ministry, ’'riu^ Royal A(n*o» 
nautical Society considered the invention to l)o of sulHeieut nnnit lo 
warrant the award of the Silver Medal, in Ai)ril R);W. 11i(‘ palonls, as 

far as commercial use is concerned, are the j)r(){)(>rty olASniiGi s Aina'alt 
Instruments. Large numbers of tliese autonnitici (‘out roLs arc in use by 
the Royal Air Force all over the world, particularly in bomber acro[)buu‘s, 
and are also being fitted to civil aeroplanes. 

Purpose of the Automatic Control 

It was originally fitted to night bombers, whicdi might have fo lly for 
as much as ten hours at a time in the dark, in bad \vea.ther, juid through 
or over cloud, extreme accuracy of navigation being an absolute essential. 
Use such as this gives the key to its purpose and advantages : it relieves 
the human pilot of strain both mental and physical, so tluit he is fresh 
when a night landing is required ; it frees liim from the controls and 
permits him to calculate or signal; it economises fuel and makes flying 
more comfortable because it corrects any pitching or devia.tion before a 
human pilot would become aware of it; and the sum of those adv^aiiiagos 
makes it possible to dispense in emergency with, a second jfilot or a 
wireless operator, with a consequent increase in bomb-load or pay-load, 
as the case may be. 

This type of automatic control was used in the British long-distance 
flight towards Capetown, over 5,000 miles in a single flight. A similar 
instrument is used in the Queen Bee aeroplane targets, which provide 
naval gunners with a full-sized aeroplane instantly responsive to signals ; 
at which, since it is pilotless,, guns can be aimed directly and hits accu¬ 
rately registered, without the necessity for aiming off. 

Functioning of the Automatic Control 

The first pilotless controls made in this country were of the two-axis 
type, working only on rudder and elevator; disturbances which would 
normally be corrected by means of the ailerons were left to the dihedral. 
The present-day British Automatic Pilot has one gyro for rudder and 
elevator and a second for ailerons, control being exercised in all three 
axes. 

Consider the actions involved in a single axis such as the yawing axis 
“-“Controlled by the rudder—^when a human pilot is in charge ; 
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Fig . 1.—The controls op the British automatic pilot. 

B and C, gimbal rings; E, valve; F, link; GG, pipes; H, servo motor; J, dummy 
rudder ; R and S, weights. 

(i.) Eyes and brain tell him when .the aeroplane deviates from the 
set course. 

(ii.) Nerves carry the message from his brain to leg muscles. 

(iii.) One leg and foot move the rudder bar in the appropriate direction, 
and the aeroplane begins to turn back on to its course. 

(iv.) When it is again on its course, brain, nerves and muscle combine 
to restore che rudder bar to a neutral position. 

Control by an automatic pilot is no more complex, and follows the 
same sequence : 

(i.) The gyroscope, running at 11,000 revolutions per minute, tends 
to remain fixed in space ; if the aeroplane deviates from the 
fore and aft line which is coincident with the correct course, 
the gyro spindle remains pointing along that line, and the 
aeroplane turns about the gyro. 

(ii.) The slightest turn of the aeroplane relative to the gyro is trans¬ 
mitted from the gimbal by means of a slender rod to a piston 
in a small valve with two ports. These might be styled the 
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Push and P ull ports respectively. One of them is uncovered by 
the movement of the piston, following that of the gimbal ring, 
(iii.) Compressed air is thus enabled to flow to either the Push or the 
Pull side of a large piston connected to the rudder bar. The 
piston and cylinder together form the servo-motor. 

(iv.) Rotation of the rudder bar rotates also, very slightly, the frame¬ 
work of the gyro and its gimbals, constituting a ‘‘ follow up 
system ” wliich will result in the rudder bar returning to neutral 
as the aeroplane comes back on course. 

The Compressor System of the British Automatic Pilot 

It wiU now be possible to proceed to a consideration of the details 
of the British Automatic Pilot, which, unlike other types, operates on 
compressed air alone, both for driving the gyro and operating the servo¬ 
motors. '' Not only does this tend to greater simphcity, as only one 
compressor is required and all pneumatic-hydraulic relays are rendered 
unnecessary, but the direct operation of the servo-motors results in a large 
reduction of lag. A reduction of servo-motor lag is of vital importance, since 
far better damping of the aeroplane oscillations is thereby achieved/' * 

* "‘The Automatic Pilot Instruction Manual,” p. 4. (Smith’s Aircraft Instruments, 5s.) 
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Fig. 3. —Gyboscopb of aileron control. 

The air is supplied by a self-contained compressor, at a pressure of 
35 lb. to the square inch. On practically all Service aeroplanes at present 
the compressor is driven by a windmillbut in course of time this will 
be superseded by compressors coupled to the main engines, in the same 
w^ay as other accessories such as the electric generator, fuel pump and, of 
course, the magnetos. 

Description of Rudder and Elevator Control 

The detail of the complete set of controls for two of the axes is best 
seen from Fig. 1. The gyro wheel is seen in its gimbal rings B and C ; 
not clearly visible in the illustration, there is a series of pockets or buckets 
cut in its rim, and the compressed air impinges on these from jets fed 
through the hollow bottom pivot of the outer gimbal ring. 

The link F connects the gimbal ring with the valve E, which admits 
the compressed air through either of the pipes GG to one side or the other 
of the piston of the servo-motor H. The piston rod is connected to a 
dummy rudder J. 

The rudder and elevator control is seen as it would appear in an 
aeroplane vie'wed from one side, and the dummy rudder bar is parallel 
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Fi(j. 4.— Tiiw <;:(>Mi’EK/rio aileron oontkol. 


to the main riKlder bar. The ilIust!‘a,iion will show thnt tin* of 

the gyro wheel is in tlic fore and. aft liin^ of tln^ a(‘r{){)laiH‘. W'hilr n 
rudder control could be operated just as wcdl iftln^ spiiidh^ were at riphi 
angles to the position illustrated tluit is, a.cross tin* ai‘rnj>}an«* flu* 
same gyro could not then be used for elevafor (U)ntrol, 

As soon as there is an alteration in the f)iteJi of a(‘ro[)Iaiie, f la* fraiiM* 
L of the gyro begins to rotate about the gyro wlnud ; and this slight 
movement is transmitted to an elevator valve a,nd tlumci' to tin* ehnator 
servo-motor, just as in the rudder cojitrol. 

Itis,however, necessary to maintain therelationshijM)!*! h(‘ pit ali dnt mu 
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provided by the gyro with that of gravity ; this is provided by a linked 
system of weights R and S ; one weight would be sufficient, were it not 
for the action of centrifugal force exerted upon it when the aeroplane 
makes a flat turn. 

In Fig. 1 there are two horizontal pipes to the right of weight R. 
These connect the elevator valve to its servo-motor, shown in Pig. 2. 
The Bowden cable U is the follow-up connection to the body of the 
elevator valve. 

The Aileron Control 

The use of automatic controls in flight and maintenance on the 
ground are dealt with elsewhere in this work, but it may here be mentioned 
that as practically all flight under automatic control is in a straight line, 
the aileron control of this type is designed only for flat turns, that is 
those made of so large a radius as to require practically no bank. The 
gyro spindle is horizontal and athwartships of the aeroplane ; the function 
of gyro, valve and servo-motor is exactly as previously described. As in 
the elevator control, a small weight is fixed, like a pendulum, to the 
bottom of the outer gimbal ring to ensure, in conjunction with the resb 
of the mechanism, that the gyro spindle remains horizontal. This is 
clearly shown, marked A, in Fig, 3, the gyroscope of the aileron control. 
This view is taken at an unusual angle, from almost underneath the 
gyroscope, in order to show this erecting mechanism. 

The complete aileron control is shown in Fig. 4. The gimbal ring 
is at F, connected by a link through a relay valve to the aileron valve 
Gpipes LL connect the valve to servo-motor M, the piston of which 
operates on the control column through a dummy control bar at N. 



the REID REACTION TESTER 

Rv WrSTG-OOMMANDER G. W. WlLLIAMSON, O.B.E., M.C., M. [list,.( I.E., 

^ M.I.Mech.E., M.r.E.E. 

T he Reid Pilot Testing Apparatus was devised to oliininatc at an 
early stage candidates who are likely to prove had pilots. Its use 
reduces the incidence of crashes aird loss of life ; and it also pre-selects 
pupils who are fitted by temperament to become figlitci- [ulots, as com¬ 
pared with those with less rapid reactions. Designed and developc<l by 
Squadron Leader G. H. Reid, D.E.C., whoso Turti Indicator is fitted to 
every Royal Air Force aeroplane, the ap])ara.tiis has sliown if,seif t(r he 
amazingly efficient in determining the flying apfitiidc of candidates for 
training. 

Quickness of Response to an External Stimulus 

The general purpose of the apparatus is f.o i.est. tlie quickness of 
response to an external stimulus, and in this ense the stimulus has been 
associated with the actions involved in Hying. In the air an aeroplane 
may be thrown into attitudes other tlian tliat of straight and level flight. 
If the aeroplane were allowed to remain in such al titudes without an 
immediate correctional movement, it might get out of <H)ntrol; and in 
general, other qualities being equal, the most efficient pilot is the one 
possessing the most rapid response and the qiiicikcst movenumfjs which 
will restore the aeroplane to its normal position in straight flight. 

The Reid Reaction Tester has been s]>c(ually designed, therefore, to 
test the speed of reaction of would-bc pilots in making tiic restorhxg 
movements of control column and rudder i)ar, and l)riiiging each of these, 
or both control column and rudder bar at once, ha.ck to the neutral posi¬ 
tion of each with the least possible waste of time. 

Recovery from Attitude of Spinning 

The reactions of a pupil pilot can by this nreans l)c tested in regard to 
movements of his hands alone, either the movements required by varia¬ 
tion in pitch of the aeroplane, or variation in bank, or both together; 
and similar tests can be made upon rudder bar movements alone, or in 
combination with the two other movements of the control column. All 
three in combination are necessary when an aeroplane is to be recovered 
from the attitude of spinning ; and the most severe test of the Reaction 
Tester involves frequent measurement of the reaction time required for 
recovery from an attitude of spin. 

Several such tests can be made and this is a necessity for the most 

376 
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efficient use of the apparatus. On a single trial, tlie would-be pilot migk 
by a fluke ^show a brief reaction time, but lie could not be judged upon 
this alone, and his recovery should be tested at least ten times. 

Such a repetition of tests provides information in regard to another 
quality wliicli tlie pupil must possess if lie is to become a successful 
pilot—the quality of steadiness. It has been said above that by a fluke 
a single test might show a brief reaction time ; and if some of the tests 
were very brief and some otliers very long, sliowing an erratic curve of 
reaction times, it might be taken that siicli a pupil is in all probability 
deficient in the amount of steadiness which would sliow approximately 
the same reaction time for each of ten recordings. 

Description of the Apparatus 

The Reid Reaction Tester is in general appearance like the centre 
portion of the cockpit of an aeroplane. Inside that cockpit are found the 
usual pilot’s seat, a control column, and a rudder bar ; but in place of 
the instrument board a series of coloured lamps is so arranged that any 
displacement of either the control stick or rudder bar from the centralised 
position is at once apparent by the illumination of red or green lamps— 
red for port and green for starboard. These lamps correspond with 
aileron, elevator and rudder control and when all controls are central 
white lights only appear. 

The subject ” is given an explanation and trial demonstration, and 
is then left to centralise the controls from extreme position, the time 
taken being recorded by a special charting device. Records are taken 
for the movements of either hand or foot separately or in any combina¬ 
tion. Ten records of each separate movement and twenty of the com¬ 
bined movement are charted and averaged. The effect of the introduc¬ 
tion of extraneous noises such as that of a Klaxon horn can be investigated. 

Movement of Control Column 

In this apparatus it is not necessary to tilt the whole of the fuselage 
and a much simpler method of recording reaction times has been devised 
Behind the dashboard of the cockpit is mounted a curved mercury tube 
to which are connected a number of electrical contactors. Considering 
for a moment the movement of the control column alone, a movemeni 
to the extreme position equivalent to full bank either to left or right, wil 
tilt the mercury tube ; and the mercury movement over the contacts 
closes a number of electrical circuits and lights up a semi-circular bank o: 
lamps in turn. The degree of turn is shown by the number of lamps 
lighted and the direction of tilt by their colour, red for port, green foi 
starboard. The centre lamp of this arc is a white one. 

A second series of lamps appears on the dashboard to one side of thos( 
representing movements of the control column to right or left, and thii 
second series indicates fore and aft movements of the column. It is < 
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The recording mechanism can be entirely disconnected from the 
cockpit by means of a jack ping, and this ensures that no damage will 
be done to the recorder by pupils who may wish merely to practise the 
movements of the controls without a written record being made. 

Extent of Mental Disturbance 

One other quality can be tested by this apparatus ; and that is the 
extent of mental disturbance and its effect upon reaction times should 
any violent external stimulus be applied to the mind of the pupil. That 
stimulus is supplied in this apparatus by means of a loud Klaxon horn 
fitted in a concealed position in the cockpit. At a certain moment m 
the series of more complex tests (with long reaction times) the Klaxon 
is pressed for a moment or two and the recording tests remorselessly 
continued. 

The mental disturbance resulting from this causes immediately a 
marked increase in the reaction time of the movement being carried out; 
pupils who will make good pilots are not greatly influenced, however, in 
the reaction times of movements following that particular one ; but in 
those of a somewhat lower quality, the disturbance is prolonged over 
the next half a dozen movements of the controls, and the reaction times 
in some of them may very well exceed the one in which the disturbance 
actually took place. 

How the Reaction Tester is Used 

The apparatus is best used :— 

(а) At the beginning of training to assess potential aptitude. 

(б) At any time during training to assess, in conjunction with Instruc¬ 
tors’ Reports, lack of progress. 

(c) To elucidate the cause of bad performance. 

It may be used also as deemed necessary as a practice apparatus for 
speeding up slow performance. 

Practice on the apparatus enables pupils, some more than others, to 
absorb instruction more easily, since they acquire thereby the instinctive 
movements used in flying. It can, therefore, be used profitably by pupils 
on non-flying days as a form of practice. 

It should, however, be noted that daily practice may endow a pupil 
with an undue amount of skill in working the apparatus which is out of 
proportion to his actual skiU in the air, with the result that he will write 
a curve which is not a correct indication of his real flying ability. The 
amount of practice on the apparatus, therefore, should be taken into 
consideration when assessing aptitude from end of term ” curves. 

Routine Tests 

For assessing aptitude a standard routine is employed: testing 
hands alone, first of all with the control column hard over to the left, 
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and then centralising it, followed 
bv a similar series of centralisation 
from hard over to the right; then 
a series of feet movements from 
full left rudder to the centre, ^ 
followed by a series from full right ^ 
rudder to the centre ; and lastly q 
hands and feet combined, full stick o 
and full rudder. A serie.s of practice ^ 
movements is carried out witlv the 
lights working but with the recorder 
not connected, until such time as 
the pupil has thoroughly grasped 
the method of using the apparatus 
and has overcome his nervousness Series of Centralisations 

of the controls. 2.- - (’hart Oir HKAOTION TIMId.S TM'IilNti 

The tests can be used to ' «i‘iisr manikuvrr. 

emphasise that the control column 

should be held firmly but lightly ; a.n elTort to (centra,lis(^ t he ciuit rols 
more rapidly than they could possibly bo (auitraJistHl in a.n a.(u-opla.n(‘, 
automatically defeats itself by swinging over bc^yond tli(‘ c(,mtra,I light.; 
the rate of movement (for other than erratics pupils) is sullicicnt to 
extinguish the lights in sequencer until only tlu^ whiid^ (auitral light 
remains on, without any overswing. Overswinging is inon^ cotnmon 
with the rudder than witli the (jontrol (johunn a-iid slightly longcn* 
practice is required. 

Controls in Combination 

Perhaps the most important test is that For the (controls in (H)!uhina.- 
tion; and it is usually explained to the pupil that arms and h^gs should 
function together at the beginning, but tliat the rudder movement should 
be completed just before the control column rca(dies tlie ctuitra,! position. 
During the practice stage, the pupil is wimm] i.lia-t the Kla-xon may \)v, 
sounded at any moment, but it is not so sounded until tlu^ reciorder is in 
action, and the pupil has been warned also that hcj is to takc^ no notace of 
it if possible, and to continue performing subsequenl. mov(unenis. 

Assessment of Charts 

The result of the above tests is a scries of linens on the chart pa,per, 
and it is usual to join the tops of all these vertical lines, providing a curve 
of varying regularity accorciing to the skill of the pupil. 'J'hc chart will 
then look like Pig. 2. The height of each line is measured, an average 
struck, and a horizontal line drawn to indicate this average. The height 
of this line above the zero gives the average time for tlie test, the scale 
of the chart being 0-8 of an inch, for one second. 
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The effect of steadiness on the curve lias been previously mentioned ■ 
and the most important points to notice are the regularity and the averase 
time. No attention is paid to the reaction time measure while the Klaxon 
is being sounded, but only to its after effects. In unstable pupils, the 
chart may be very much worse ; in really high quality subjects, even an 
improvement in performance may result, showing exceptional self-control. 

Medical Opinion 

Research work by the R.A.F. Medical Laboratory has determined the 
times which it takes for an average pupil to react to these tests. These 
are as follows :— 

Combined 

Feet. Hands. Movement. 

1-1-5 secs. l-S-2-2 secs. 3-4 secs. 

Shorter times than these would indicate that the pupil being tested 
will probably become a pilot above the average, with sufficiently quick 
reactions to qualify as a fighter pilot; while slower times indicate not 
only that as a pilot the prospective pupil would be below the average, 
but might not be worth the time and expense of training. 

The following phrases are extracted from a report by Royal Air 
Force Medical Officers ;— 

“ The instrument predicts with extraordinary accuracy in the majority 
of cases as to probable ability as a pilot. Further, it would appear to 
be very questionable whether it is worth while accepting a candidate 
who cannot do better than about 4-5 or perhaps 5-0. The few who 
obtain that figure and who may turn out more or less successfully are 
probably not worth the expense and time spent on them. 

“ This apparatus can be of definite value :— 

“ (a) By assisting in the earlier elimination of unsound pilots and 
thereby effecting economies by further reducing wastage both in training 
and Service units. 

“ {b) By assisting in original selection and thereby effecting consider¬ 
able economies by reducing wastage in ab initio training. 

“ (c) By assisting in the actual flying training of pupils.” 

The apparatus can also be used to test the speed of reaction of motor 
transport drivers; and it is found possible to pick out drivers whose 
reaction times are so slow that they may be regarded as “ accident prone.” 



REID PICKETS AND GRAB HOOK 

Bv Wing-Commander G. W. Wiluamson, O.B.K.. M.(l, MVIu^^t,(VK., 
M.I.Mech.E., M.J.E.E. 

REID AIRCRAFT PICKET (CARVER TYPE) 

I N the early days of flying when aerodromes and hangars were scarce, 
it was frequently necessary for aeroplanes to be picketed out in the 
open pending a resumption of the journey next day. I’lie Rioyal Flying 
Corps in those days was accustomed to a particular type of picket, a 
variation of the screw picket, which at that time was used for the bracing 
of Bessonaux hangars or portable tent hangars whidi were almost the 
only accommodation for aeroplanes away from their own stations. 

That picket, hke a corkscrew, was e.xceedingly heavy, being made of 
wrought iron and over 3 ft. long. An aeroplane was picketed out by 
being anchored down to one of these huge pickets at the end of each wing 
tip; larger aeroplanes might have two to each wing, as well as one or 
two to which the tail skid could be fastened. Tlie total weight of the set 
was 40 or 50 lbs., and the bulk very considerable. 

The Carver Aircraft Picket 

The Carver Aircraft Picket was specially designed to replace this 
heavy and cumbersome type of screw picket. One screw picket is replaced 
by a pair of straight pickets and a cross-piece as shown in the centre 
illustration of Fig. L The separate pickets are illustrated at the sides, 
showing their simplicity and light weight; and across the foot of the 
illustration is shown one pair of pickets complete with the cross-piece 
strapped together for convenience in transport. 

Pickets are made of stout molybdenum steel tubing, with forged 
T-shaped heads and solid points. The whole set is cadmium plated and is, 
therefore, rust proof. 

Method of Use 

When fully assembled, the set would appear as in the centre illustra¬ 
tion of Fig. 1, except that each picket is driven into the ground almost 
up to its head. It wdl be seen that both pickets pass through the cross¬ 
piece ; and it is vitally essential that the flat stays of the cross-piece are 
vertical so as to stand up to a vertical pull. 

When it is required to use the Carver Pickets, one picket is inserted 
into the tubular part of the cross-piece (care being taken that the fiat 
stay is vertical) and the picket is driven into the ground at an angle of 
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45 degrees ; the other picket is passed through the remaining tubular 
portion of the cross-piece and driven in at right angles to the first one. 
The aeroplane can be anchored down to the cross-piece ; the set is far 
more eflS.cient than the screw picket. 

Dimensions and Weight 

These pickets are made in two sizes : 

Size. Length of picket. Weight of set. Test load. 

Heavy . . 3 ft. 5 lbs. 14 cwt. 

. . 18 in. 2| lbs. 8 cwt. 

The larger size is in use by the Aii* Ministry and by the air forces of 
Continental Powers. The smaller type is made for light aeroplanes. 

Reports of Trials 

When these pickets were first supplied for Air Ministry use, they were 
put through drastic tests which proved that they were in every way 
superior to the corkscrew pattern, quite apart from the considerable 
reduction in weight and very much greater portability. 

The heavy pattern withstood more than a ton of direct lift in hard 
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around; and even then there was no (laina,ge wluitovcr to the fuekeis, 
but several cubic feet of the ground began to lift in one solid mass. 

When tested in the sand of semi-tro|)icaI eoimtries sucii as Egypt or 
Iraq, this type of picket gave equally satisfactory results and has been 
for some years in service. 

Maintenance and Portability 

As stated previously, every part is cadmium plated a.ud unless the 
picket is in constant use there will be no trouble wliatever w it h rust. II* 
however, pickets are frequently used in stony ground or in a-u abrasive 
soil such as the Egyptian sand, the cadinium ])la.tiiig of the extreme point 
may in time wear off; replating is a sim{)ie and inexpensive job, but if 
it is not convenient to return the pickets, an occasionaJ, rub with an oily 
rag will maintain the points in good condition. It is not. re(U)mmended 
that the points should be thickly greased or heavily oiled when the 
pickets are being carried in aeroplanes a,nd this sim[)lo operation might 
well form part of the routine inspection of the aeroplane once a. week. 

The illustration does not show that the forged head is made with two 
small eyes. When tlie pickets are to bo collected for carriage, the point of 
each is inserted in this small hole, ensuring that tlu^ sluirpencd end is 
sheathed and cannot possibly tear the fabric of the aeroplane or tlu‘ 
clothes of the occupants. The two pickets arc then stra-pped together, 
the cross-piece being looped on to one of the straps as showji in the bottom 
illustration of Fig. 1. 

THE REID AND SIGRIST GRAB HOOK 

A grab hook, for use in fire-figliting, forms part of the equipment of 
every aerodrome. Its general appearance and metJiod of use arc shown 
in Fig. 2 ; and its greatest advantage is that in an aeroplane fire the blaz¬ 
ing debris may be scattered, clearing the way to the imprisoned occupants. 
It is therefore carried on the fire tender, (^uite apart from aerodrome 
work, it is used by municipalities as part of the equipment of their fire 
engines ; by factories for salvage w^ork ; and frequently forms part ol' 
the equipment of garage breakdown cars. 

Construction of Grab Hook 

The grab hook itself consists of a case-hardened carbon steel forging, 
which is fixed to a 12-ft. steel tube hinged in the middle by means of a 
patented folding device. When folded the appearance of the grab hook 
is shown in Fig. 3. 

From the hook, through the tube, runs a cable approximately 24 ft. 
long, 12 ft. of which is, therefore, exterior to the steel tube. To that 
exterior portion are attached three strong wooden handles, which provide 
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Fig. 2.—Reid & sigbist grab piook. 


a powerful purchase by means of which it is possible to tear away portions 
of a blazing aeroplane. 

From Fig. 3 it will be seen that when not in use the end of the cable, 
together with its wooden cross-pieces, can be packed in a hag made of 
stout Willesden canvas, loosely pushed on to the steel tube. It is a matter 
of seconds to release the cable from the bag, extend the tube, which 
is locked by a bayonet joint and to remove the stout leather cover which 
protects the point of the hook—not shown in these illustrations. 

The whole apparatus is protected against corrosion by heavy cadmium 
plating. 

At the left-hand end of Fig. 3 the curve of the cable can be seen as it 
passes from one half of the tube to the other ; and just above it is the 
locking device which fixes the bayonet joint. Grab hooks supplied to the 
Air Ministry are frequently made with a screwed joint instead of the type 
illustrated. 



Fig. 3.—Grab hook folded. 




aero engine design 

By Squadron-Leader H. Nelson, M.B.E., A.M.I.Mar.R, 

The Internal Combustion Engine 

T he term ''internal combustion ” is applied to engines in \vlu(‘h (he 
heat of combustion occurs mside tlie engine cylinder. In (he external 
combustion,” or steam engine, the heat of corn bastion fr‘oni the fuel 
occurs outside the engine cylinder, as in the boilers. In both (y'[)es of 
engine the heat generated from fuel is the sonrc^c of power. In tln^ internal 
combustion engine the heat energy is derived by igniting a fuel v<ipour 
and air mixture compressed by a piston inside the cylinder, the |)istou 
being forced downwards by the high pressure generated from combustion ; 
the heat energy is thus converted into kinetic cner’gy. Lhe piston is 
attached to a cranlv-shaft by a connecting rod. This converts tlie linear 
motion of the piston into rotary motion of the crankshaft which^ in the 
case of aeroplane engines, turns the airscrew. 

Cycle of Operations 

In order to obtain continuous rotary motion, an engine must perfonn 
the following operations continuously. The cycle of operations must 
consist of:— 

{a) The admission of a correctly proportioned mixture of fuel vapour 
and air into the cylinders. 

(b) The compression of the mixture. 

(c) The burning of the compressed mixture. 

(d) The expulsion of the burnt gases. 

There are two methods of performing these operations. These are 
known as the two-stroke cycle and the four-stroke cycle. The latter is 
known as the Otto cycle and is in general use for aeronautical purposes. 

Two-stroke Cycle 

In the stroke from the top to the bottom of the cylinder in this cycle 
of operations the expansion of the burnt gases forces the piston downwards, 
and in so doing opens the exhaust port and therefore allows some of 
the gases to escape under their own pressure. As the piston moves 
farther downwards it uncovers the inlet port and allows the fi'csh charge 
of mixture to enter the cylinder. The downward-moving piston causes 
a pressure to be set up in the crankcase, this pressure forces the new 
charge from the crankcase through a transfer port to the inlet port and 
thence to the combustion chamber. A deflector on the crown of the 
piston causes the new charge to be deflected upwards, thus forcing the 
remaining burnt gases downwards and out of the exhaust port. The 
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piston then ascends, 
closing the inlet and 
exhaust ports in 
turn and com^ 
presses the new 
charge ready for 
ignition. The dis¬ 
advantages of this 
cycle are that the 
burnt gases are not 
scavenged com¬ 
pletely from the 
cylinder and the 
charge of ftesh 
mixture is reduced 
accordingly. 

Four-stroke Cycle 

In this cycle of 
operations there is 
only one power 
stroke in every four. 
The four strokes 
are :— 

Induction Stroke 
The piston 
descends in the 
cylinder from top 
dead centre (T.D.C.) 
to bottom dead 
centre (B.D.C.) and 
draws a combustible 
mixture into the 
cylinder through 
the open inlet valve 
aperture. The ex- 

Eaust valve is closed during 

until the piston is about one quarter up thn cylin g incoming 

Th. of ae aet is delayed to tomato 

charge results in it contmumg to flow into the y 
has passed B.D.C. 

Commession Stroke 

With both valves closed the piston ascends and compresse 




I 

r.— Two-steoke cycle oe opebations. 
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and when it reaches a certain point before T.D.C. a spark at the plug 
ignites the compressed mixture and combustion takes place. The ignition 
is set before T.D.O. because it takes a little time for complete combustion 
of the mixture after the spark occurs. 

Power Stroke 

The expanding gases exert a high pressure and force the piston down 
the cylinder from T.D.C. to B.D.C. Both valves remain closed until 
the piston is approximately three-quarters down the cylinder, when the 
exhaust valve opens. The reason for this apparently premature opening 
of the valve is to allow the burnt gases to commence to exhaust under 
their own pressure and thus relieve the engine from having to force them 
out. This tends to keep the engine cooler as the hot gases do not remain 
in contact with the cylinder wall for so long as would otherwise occur. 
Owing to the angularity of the connecting rod to the web of the crankshaft, 
the leverage on the crankshaft is very small when the piston is one-quarter 
of its stroke from B.D.C. 

Exhaust Stroke 

The piston ascends with the exhaust valve open and the inlet valve 
closed and expels the burnt gases from the cylinder. The exhaust valve 
closes at or about T.D.C. 

This completes the four-stroke cycle of operations, the crankshaft 
having travelled through two revolutions. In some cases the inlet valve 

25—2 
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opens before the exhaust valve closes, because the outgoing exhaust 
gases create a slight suction on the inlet aperture which assists in starting 
the incoming charge to flow into the cylinder. 

Types of Engines 

Modern aeroplane engines are all of the stationary type, rotary engines 
having been abandoned owhig to their mechanical and volumetric 
inefficiency. 

Stationary engines are either air or liquid cooled, and are further 
categorised according to the disposition of their cylinders as follows 

Category Type 

'' Vertical ’’.Gipsy I. 

Vertical ” inverted type . . Gipsy III Major. 

Gipsy VI-2. 

“ V ’’ type ..... Kestrel. 

Merlin. 

“ V ” type inverted , . - Gipsy XII. 

'' W ” type ..... Lion. 

H ” type ..... Dagger. 

Rapier. 

Radial single rows. . . . Cheetah. 

Genet. 

Jupiter. 

Lynx. 

Mercury. 

Niagara. 

Pegasus. 

Perseus. 

Radial double rows . . . Panther II.A. 

Serval. 

Tiger. 

Vertical Types 

The cylinders, which may be air or liquid cooled, are arranged in a 
straight line on the crankcase. This type is usually heavier per horse 
power than other types, but has the advantage of less resistance to the 
airstream, due to the ease with which it can be streamlined. 

Type 

In this type the cylinders are arranged in two rows on the crankcase, 
forming a V ; the angle betw^een the two rows of cylinders varies according 
to design. By fitting two connecting-rods on each crank pin the two 
rows of cylinders can be opposed, that is directly opposite each other. 
This arrangement results in a light, sturdy and powerful engine parti¬ 
cularly adaptable to aeroplanes. 
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— Vebtical Fig. 4.—V ” tyi-i*: Fig. 5.—“ W ” tyre CYLrND33iis. 

type CY'LINDER. CY’LINDEBS. 


W’’ Type 

The general arrangement of this type is similar to that of the V 
type, but it has three rows or banks of cylinders. W ’’-type engines 
can be made slightly lighter per horse power than the '' V ” type. 

‘‘ H ’’ Type 

This may be looked upon as tw^o separate engines of the horizontally 
opposed type, coupled in tandem, that is, each engine has a cylinder at 
180° to an opposing cylinder and connected together by gears which 
drive the airscrew shaft. 


Radial Types 

The cylinders in radial engines are equally spaced around the crank- 



Fig. 6.— “H” TYPE . 7.—Radial 7 cylinder type. 

CYLINDERS. 










390 [VOL. I.] PRINCIPLES AND CONSTRUCTION 



ease, in the same circular plane in a single-row engine. In a double-row 
radial the rear cylinders are placed between the front cylinders and in 
the rear of them. Radial engines are air-cooled and have the advantage 
of being of low weight and high horse-power ratio. Their disadvantage 
is head resistance, owing to the large frontal area, to the forward motion 
of the aeroplane. 

Liquid-cooling (Conventional Type) 

The cylinders of liquid-cooled engines are constructed so that the 
liquid can circulate through a chamber or jacket round the cylinders. 
The circulation may be obtained by thermo-syphon, but in aero engine 
practice it is assisted by a pump. The heated liquid from the cylinders 
is kept in constant circulation through the engine and into a radiator, 
where it is cooled. Radiators are constructed in such a manner as to 
distribute the heated Hquid over a large area and to allow cool air to flow 
through and over tubes to dissipate the heat, so enabling a given quantity 
of liquid to be used continually. 

A controllable shutter fitted in front of the radiator permits the 
amount of air passing through to be regulated and thus control the tern- 
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perature of the liquid. The rate at wliich the heated liquid passes through 
the radiator for cooling is an important factor. The fester a liquid is 
passed over a heated surface the faster the rate of transfer of heat will be 
up to a certain velocity of flow of liquid. Above a certain rate of flow of 
liquid the rate of transfer of heat does not increase because the hot 
liquid does not remain in contact with tlie cooling surfece long enough 
to cool it. On the other hand, the fester the circulation the less liquid 
will be required, and the weight of liquid can be reduced accordingly, 
which is of importance in aeroplanes. 

Advantages of Liquid-cooled Engines 

Liquid-cooled engines have the advantage over air-cooled engines in 
that they can be cowled and streamlined more easily. Tlieir head 
resistance can be reduced and better flying performance obtained. 

Evaporative Cooling 

The conventional type of liquid-cooled engine dissipates heat by 
raising the temperature of the liquid, this temperature always being 
kept below boiling point. If the heat generated in the cylinder can be 
absorbed by the heat required for vaporisation of water, certain advantages 
would be gained. In the evaporative cooling system some of the water 
is allowed to boil in the cylinder Jackets from the heated surfaces and 
passes from the engine in the form of steam to a steam separator. The 
condensed water is returned to the cylinder jacket without passing 
through a radiator, while the steam is cooled to water in an air-cooled 
condenser and then returned to the cylinder jacket. 

Advantages of Evaporative Cooling 

The advantages of this system are :— 

(a) The weight of water required is about one-third of that required 

for equally efficient cooling on the conventional liquid-cooled 
system. 

(b) The necessary surface area of the condenser is smaller than the 

normal radiator because the temperature difference between 
that of the steam and the air is so much greater. 

(c) The cylinder wall temperature is higher and there is therefore less 

frictional loss. 

(d) The heat is retained for a longer period when the aeroplane is 

gliding, as the steam only is cooled and the circulating water is not. 
There is a disadvantage in (c) in that the higher temperature results 
in a lower volumetric efficiency and a greater heat loss by radiation. 

Air-cooling 

The rate of cooling of an air-cooled engine depends on the area of 
the metal from which the heat is dissipated. This factor is, therefore, 
of importance in the cooling of engines directly by air. Fins are fitted in 
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order to increase the heat-dissipating area 
particularly on the cylinder head, where the 
greatest amount of heat is generated. The 
rate of cooling also depends upon the 
volume and conductivity of the metal 
through which the heat is conducted to 
the area cooled by the air. For this 
reason the cylinder head is usually made 
relatively heavy and, in many cases, made 
of aluminium alloy, which has a very high 
conductivity. The rate of cooling is, of 
course, also dependent on the rate at 
which the cooling aii* passes over the 
cooling fins and upon the temperature of 
the ail”. In air-cooled aero engines the 
cylinders are exposed to the air stream, 
which controls cylinder temperatures, and 
such engines may be fitted with suitable 
cowlings and shutters, which regulate the 
amount of air flowing past the cylinders 
with a view to the maintenance of an even temperature, particularly 
where extremely hot or cold weather conditions liave to be considered. 

Advantages of Air-cooled Engines 

Air-cooled engines have the advantage over liquid-cooled in that 
their weight per horse-power is lower, they are more reliable in extreme 
hot or cold weather and less susceptible to extreme high altitude condi¬ 
tions. They are also less liable to damage by gun fire in military aero¬ 
planes by virtue of the fact that they are not dependent upon a vulnerable 
cooling system. 

Heat Balance 

The heat or thermal efficiency of an engine is the percentage of the 
total amount of heat generated by combustion of the fuel which the engine 
delivers in the form of work. The amount of heat energy actually con¬ 
verted into useful work is only about 25 per cent, of the total heat energy 
of combustion in a well-designed engine. The remaining 75 per cent, is 
lost. The heat balanced is approximately as follows :— 


Heat converted into work 

. 

. 26 per cent. 

Exhaust losses 


. 40 „ 

Cooling losses 

. 

. 27 „ 

Radiation losses . 


• 4 „ 

Frictional losses . 

• 

. 4 .. 



100 



Fig , 9.—Typical air-cooled 

CYLINDER. 
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Exhaust Losses 

If the end of the power stroke in a fotir-stroke engine oceurred at 
B D.C. instead of about one-quarter of the stroke before IlD.C., less heat 
would be lost in the exhaust, but tests have shown that the heat thus 
conserved does not increase the power output, tliat is, the lieat efficiency. 
On the contrary, the engine loses power as a result of tlie hot gases 
remaining longer in the cylinder. The cylinders get much liotter and 
more heat is lost in cooling, radiation and conduction than is saved in 
the exhaust. If, however, the exhaust valve were opened at a very early 
point in the power stroke the excess of heat tlien lost in the exhaust 
would of course exceed the heat saved in cooling, radiation and conduction. 

Cooling Losses 

The means described for cooling by air or liquids are provided because 
heat obviously cannot be generatecl continuously in a closed cylinder 
without adequate means for control of its temperature. The highest 
practicable rate of cooling is desirable. The rate of cooling is as stated 
previously, dependent upon the area of the metal exposed to cooling, 
its conductivity and volume and upon the temperature difference between 
the area to be cooled and the cooling medium. 

Frictional Losses 

Power is required to overcome the friction of the moving parts, as well 
as the energy required to draw in and expel the gases. These losses can 
be minimised by improvement in design and construction. 

Radiation Losses 

Heat passes from the cylinders by conduction through the metal 
parts of the engine and by direct radiation as radiant heat. This heat 
loss can be considered as separate from the heat lost to the cooling medium. 

The loss by conduction and radiation depends on the thickness of 
the metal through which the heat has to travel, as well as upon its 
conductivity. The use of a metal of high conductivity reduces the heat 
lost by cooling slightly, but increases the heat lost by conduction and 
radiation considerably and tends to distribute it throughout the engine. 

Lubrication 

Resistance or friction is offered by one dry metal moving over another 
and results in excessive wear. If a suitable lubricant is introduced 
between the moving surfaces the friction and wear on the metal is practi¬ 
cally negligible. One cannot, however, eliminate the viscous friction of 
the lubricant. For convenience, friction may be categorised as ball 
bearings, rolling and sliding friction. Ball bearings require the least 
amount of lubrication, while rolling friction, as met with in roller bearings, 
require less lubrication than sliding surfaces such as those in main 
bearings. 
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Lubrication of Internal 
Combustion Engines 
Seyeral problems 
present themselves 
in designing an 
efficient lubricating 
system for an internal 
combustion engine 
due mainly to the 
high temperatures 
and varying pressures 
to which the lubri^ 
cant is subjected. At 
high temperatures 
the lubricant thins out and may lose its lubricating properties. In some 
aero engines, arrangements are made to cool it by passing it through a 
radiator ; in others very large quantities of the lubricant are passed 
through the bearing surfaces. In order to maintain a film of lubricant 
under varying loads, the lubricant must be maintained at a sufficiently 
high pressure to furnish a constant supply to all working parts. For 
this reason aeroplane engines are therefore normally lubricated by a high- 
pressure system. 

The splash system of lubrication is unsuitable for aero engines because 
some parts of the engine might be starved during aerobatics. 

Pressure System of Lubrication 

In this system the lubricant is forced under pressure to the various 
parts of the engine by a mechanical pump. A small amount is allowed 
to drain out of the main bearings and is thrown on to the piston and 
cylinder walls. A pressure gauge is located in the pipe line between 
the pump and the main bearings, A relief valve is incorporated in order 
to maintain the pressure at a predetermined value. In aero engine 
practice the lubricant is normally contained in a separate tank and not 
in the crankcase as in motor-car engines. This system is known as the 
dry sump system. The lubricant which drains from the various parts 
of the engine is returned to the tank by a second mechanical pump, 
called the scavenge pump. This scavenge pump is of larger capacity 
than the pressure supply pump. The reason for this is that when an aero¬ 
plane is climbing or gliding steeply the lubricant would flow to one end 
of the crankcase. If this happens there is a possibility that too much oil 
will be splashed into the lowest cylinder. This would be liable to oil up 
the plug or plugs and result in misfiring. 

General Outline of Dry Sump System 

Practically all aero engines employ the dry sump pressure lubrication 
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Fig. 11. —Typical belief valve abbangement. 
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system, in which the lubricant is supplied under pressure to the main 
bearings, camshaft, gudgeon pins and auxiliaries. The pressure and 
scavenge pumps are mechanical. They are generally of the gear-wheel type 
and in the majority of engines are located in the same casing and driven by 
a common drive shaft. The lubricant is drawn from a tank by the pressure 
pump through a fine gauze to remove any foreign matter before it enters 
the pump. 

The pressure pump delivers the lubricant to the main bearings by 
pipes which branch off a common delivery gallery. The crankshaft is 
hollow and is drilled to allow the lubricant to enter the journals when 
the holes in the bearings and journals line up with each other in each 
revolution of the crankshaft. The lubricant is carried by pressure assisted 
by the centrifugal force resulting from the rotation of the crankshaft 
through holes drilled in the crank webs, to the big-end journals to lubricate 
the big ends of the connecting rods. The lubricant which escapes from 
the main and big end bearings is thrown on to the cylinder walls in the 
form of mist which lubricates the piston, piston rings, gudgeon pins and 
cylinder walls. The camshaft is generally lubricated by a separate pipe 
system from the main pressure pump. This supply pipe is usually located 
at the airscrew end of the engine and lubricates the camshaft bearings, 
cams, rocker levers, etc. The lubricant on its return to the scavenge pump 
oils the camshaft drives. A pressure relief valve is incorporated in the 
pressure pipe between the pump and main bearings. This valve is adjust¬ 
able and controls the pressure at which the lubricant is delivered to the 
main bearings; any excess oil is returned from the relief valve to the 
sump and extracted by the scavenge pump. The scavenge pump extracts 
the oil from the sump, which is usually designed to have two depressions 
or pits, one at the front and the other at the rear of the crankcase. The 
lubricant caimot therefore collect in large quantities at either end. In 
some cases the thrust bearing is oiled by a special supply from the pressure 
feed, in others external cups filled by hand. 

Construction of Engine Details 

Reliability is of primary importance in the design and construction 
of the working parts of internal combustion engines. The parts must be 
strong and fight, but primarily they must be reliable. Every detail must 
be carefully examined, in order to obtain a unit which is :— 

(а) Of clean design. 

(б) Reliable in operation. 

(c) Of low weight per horse-pow-er. 

(d) Economical in oil consumption. 

(e) Economical in fuel consumption. 

{/) Free from vibration. 

Cylinders 

This is the part in which the power is developed to accomplish the 
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Valve Rocker Arms 

These are usually manufactured 
from good-class steel forgings and 
are supported at their centres by a 
small bearing, one end rests on the 
cam or is operated by a rod from the 
cam. The other end of the rocker 
arm operates the valve and is fitted 
with means for adjustmg the clear¬ 
ance between the valve stem and 
rocker arm. 


Piston 


_ 

Fig. 13. — Cylindeb as¬ 
sembly SHOWING VALVE 
SPUING AND GUIDE. 

drawing the mixture 
into the cylinder, com¬ 
pressing it, imparting 
the force of the expan¬ 
sion of the burnmg 
mixture to the crank¬ 
shaft by means of a 
connecting rod and 
expeUing the burnt 
gases. In aero engines 
the piston is usually 
made of aluminium 
alloy to combine light¬ 
ness with strength. Its 
lightness reduces 
operating stresses, and 
aluminium being a good 
conductor of heat, the 
heat of combustion is 


The piston is the component 
which works up and down in the 
cyhnder. It acts as a plunger for 



Fig. 14.— Cylinder assembly showing eoceeb abm. 
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Fig. 15.—Cylinder assembly showing piston. 

conducted rapidly away from the piston head to the cylinder wall. Low 
piston-operating temperatures are thus obtained, which results in less 
heat being transferred to the next incoming charge; the volumetric 
efficiency of the engine is thus increased, which in turn permits of a high 
compression ratio without causing detonation. 

Piston Rings 

Piston rings are fitted on a piston to prevent leakage of the burning 
gases from the combustion chamber, and also to prevent a large amount 
of oil gettmg in the combustion chamber from the crankcase. These 
piston rings are fitted into grooves which hold them true to the cylinder 
wall. They are normally made of a good cast iron and are capable of 
exerting pressure on the cylinder walls, sufficient to prevent the loss of 
pressure and entry of oil referred to above, and that without an undue 
amount of friction. In aero engine practice piston rings are concentric 
and have a gap cut in them during manufacture. This gap may be either 
diagonally across or it may be stepped. The leakage of gas or oil past 
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Fig, 16. —Cylinder assembly showing 

PISTON PINOS. 


the gap, whether diagonal or 
stepped, is so small that the 
diagonal cut is used in the majority 
of aero engines because it is easi« 
to cut. Two or three rings are 
normally fitted at the top of each 
piston. 

Scraper Rings 

A scraper ring is fitted at the 
lower part, or skirt, of the piston. 
TJiis scraper ring is fitted in a 
groove in the same manner and is 
of the same material as the piston 
rings. Its object is to prevent an 
excess of oil getting up between 
the piston and the cylinder wall, 
which might eventually pass the 
piston rings to the combustion 
chamber, where part of it would 
burn and deposit carbon in the 
combustion chamber. The fitting 
of a scraper ring is not universal 
in internal combustion engine 
practice. 

Gudgeon Pins 

The gudgeon pm is the means 
of connecting the piston to the 


connecting rod. It is generally 
made of a nickel steel alloy which is casehardened and ground. It 
thus possesses a hard, durable surface and a tough core capable of 
withstanding the severe sheering stresses to which it is subjected. 
The gudgeon pin is, in the majority of cases, made hollow, in order that 
it may have as large a bearing surface as practicable and be as light as 
possible for the strength required. Gudgeon pins may be either fixed in 
the piston bosses or floating in both the piston bosses and connecting 
rod small end. When fixed they are secured by locking plates and bolts; 
when floating the pin is usually held in position by circlips, which prevent 
it from protruding and scoring the cylinder walls. 


Connecting Rods 


The piston assembly is joined to the crankshaft by a connecting rod. 
This cormecting rod transmits the reciprocating motion of the piston tc> 
the crankshaft, where it is converted into rotary motion. Connecting 
rods are made of alloy steel of high tensile strength. 
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They are classi¬ 
fied according to 
their shape ^ and 
method of fitting to 

the crankshaft. 

They vary also in 
cross section, and 
are either I, H or 
tubular. The 
bearing arrange¬ 
ments on the 
crankshaft are 
generally one of the 
following three 
types; plain, articu¬ 
lated or forked. 

The small end, 
or the hearing on 
the gudgeon pin, is 
fitted with a 
phosphor bronze 
bush, because the 
melting point of 
this material is higli 
and will withstand the heat generated at the pisl-on head. The big cud 
is in two halves, which are licld together by holts. The halves arc lined 
with an anti-friction metal whi(di may either be (last (iire(4Jy on to the 
housings or on to split steel or phosphor bronze shells or bushes. 

Plain Type Connecting Bod 

The plain type connecting rod is a single rod a,nd is seldom used in 
high-powered aero engines. If this type of rod were used in “ V ’’ or 
W ” engines two rods would require to be (ittc<l side by side on the same 
crankpin; this would require the cylinders to ho siuggor*cd on tlie crank¬ 
case and add weight and length to the engine. 

Articulated Type Connecting Bod 

This type is employed on V,” ‘‘ W ” and radial engines. It consists 
of a master connecting rod with one or more shorter rods attached to its 
big end by wrist pins ; these pins operate in pliosplior bronze brushes. 
This arrangement permits the construction of a liglit and short engine, 
without sacrifice of reliability. 

Forked Type Connecting Bod 

This type is employed on “ V ’’ engines, and consists of two rods 
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operating on the same cranlipin 
one rod being of the plain type’ 
the other forked. There are two 
methods of construction. In one 
the forked rod carries the crankpin 
bearing and the plain rod operates 
on the outside of this bearing; in 
the other the plain rod carries the 
crankpin bearing and the forked 
rod straddles the plain rod and 
operates on the outsides of the 
bearing. The difficulty of adjusting 
the bearings is a disadvantage of 
this type of connecting rod. 

Crankshafts 

This is the part which converts 
the reciprocating motion received 
from the power exerted on the 
piston into rotary motion and in 
aero engines delivers it to the air¬ 
screw. The crankshaft is generally 



Fig , 18—Cylikdeb assembly showing connecting bod. 
Showing also various types of connecting rods. 
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Cf?^N/<SH^Fr 

Fig . 19a.—Cylinder assembly showing ceankshabt. 

ttiachined from a forging of alloy steel of high tensile strength. It revolves 
m main bearings which are carried in the crankcase. Crankshafts are 
normally classified by the number of crankpins or throws and the angle 
between the throws. The number of throws is dependent on the number of 
connecting rod assemblies. The most commonly used types of crankshaft 
are the 360'^, 180° and 120° types. The part which rotates in the main 
bearing is known as the crankshaft journal. The crankpins carry the 

26—2 
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FOUR THROW CRRNK3HHFT 




Fig , 19b.—Showing two types op crankshaft. 


connecting rod and the cranl^shaft webs connect the journals to the pins. 
The distance between the centres of the journal and pin is dependent 
upon the length of the stroke of the engine. In aero engine practice the 
crank journals and pins are bored for lubrication purposes and the bores 
sealed. The communication between them is by ducts drilled in the 
webs. 


360° Type Crankshafts 

This type is known as the single throw crankshaft and is generally 
employed in radial engines. It may be constructed in one solid piece or 
in two parts. The two-piece crankshaft allows ball bearings to be used 
for the connecting rod big ends, which reduces friction. The one-piece 
crankshaft is desirable for strength, but necessitates the use of a plain 
connecting rod bearing. 

180° Type Crankshafts 

This type has two or four throws, each throw being 180° apart. In 
radial engines with two banks of cylinders the two-throw 180°-type is 
usual, whilst in the four-cylinder vertical and the eight-cylinder V ” 
engines the four-throw 180°-type is used. In the latter case two con¬ 
necting rods are fitted to each crankpin. 

120° Type Crankshafts 

This is the generally accepted type for six-cylinder vertical and twelve- 
cylinder V engines. The six-throw 120°-type crankshaft necessitates 
two connecting rods to each crankpin in the case of the twelve-cylinder 
V engme. 

Thrust Bearings 

An aero engine crankshaft must incorporate some method of counter¬ 
acting the thrusts of the airscrew; these are taken by thrust bearings. 
They may be of either the single row, deep groove, heavy type, or of the 
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double row, double 
direction, flat-face 
type. The annular 
type is not adjust¬ 
able and only 
takes thrust in one 
direction, whereas 
the thrust - ball 
type is adjustable 
for wear and takes 
thrust in both 
directions. The 
thrust bearing in 
general use in aero 
engines is at the 
airscrew end of the 
crankshaft and is 
generally of the 
annular or thrust- 
ball type. 

Main Bearings 

The main 
bearings hold the 
crankshaft in 
place and take the 
loads and reduce, 
as far as is practic- 
able, metallic 
friction to a mini¬ 
mum. They are 
normally classified 
into three 
groups :— 

(a) Plain. 

(b) Ball 

(c) Roller. 

Plctin Bearings 
Plain bearings 
are most com- 

rSirTeUaSy -- —- 

adjusted. They are generaUy 
employed as mam, connecting rod big end. camshaft and auxiliary 
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Fig. 20b.—Detail of single row thrust bearing. 


bearings, and are usually 
constructed in two parts, 
fastened together by bolts 
or studs. The beariug 
surface is of an anti* 
friction, non-ferrous metal, 
such as white metal' 
babbitt metal, brass or 
bronze or a combination 
of these metals. Where 
high speed or heavy duty 
is called for the anti¬ 
friction metal is usually 
backed by bronze or steel 
to strengthen the bearing. 


For slow-speed work and light duty, such as camshaft bearings, plain 
bearings of brass, bronze or aluminium are satisfactory. 


Ball Bearings 

These are normally used for thrust bearings and for such engine 
accessories as magnetos, generators, etc. They are constructed of 
hardened steel balls operating between an inner and outer ball race or 
track and are assembled so that the balls cannot fall out of position. 
Ball bearings require less lubrication than plain bearings^ but the highly 
polished balls are liable to corrode if not in continual use. 

Boiler Bearings 

In radial-type aero engines, roller bearings are sometimes used as 
main bearings, but in other types of aero engines are only used for 
accessories. They are more adaptable than ball bearings, due to greater 
contact surface, but the total friction is greater and they require more 
lubrication, although friction is less than with plain bearings. 

Crankcases 

The crankcase is the foundation around and upon which the various 
parts of the engine are assembled, including such accessories as the 
starters, generators, etc. Crankcases are normally made of cast alumi¬ 
nium alloy and are webbed for strength. There are various designs, but 
in normal practice crankcases for vertical and “ V ’’-type engines are 
made in two parts which are bolted together. In some designs the 
crankshaft bearings are held in position by bolts passing through both 
halves of the crankcase, in others the lower half of the crankcase does 
not house the lower half of the main bearings, but is only a shield covering 
the internal parts of the engiue. Crankcases for radial engines may be 
designed in three or four parts, certain parts housing the thrust races, 
rear accessory drive, in addition to the main bearings. 
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Fig, 21b.—Roller bearing. Fig, 21c. —Ball bearing. 

Camshafts and Camrings 

Camshafts and camrings are for opening the valves. They are made 
of case-hardened alloy steel and driven by suitable gearing. The camshafts 
of vertical, ‘‘V” or type engines are similar in design, but for 

radial-type engines camrings are employed, the cam contours being 
machined on the outside of an alloy steel ring or disc. 

Camshafts 

The type camshaft usually used has alternate inlet and exhaust cams, 
but some aero engines have two separate camshafts, one for the inlet 
valves and the other for the exhaust valves. Camshafts are driven by 
gear wheels and drives from the crankshaft. The camshaft either opens 
the valves by direct contact or by means of rocker arms. The valves, 
as already stated, are closed by the valve springs. An exhaust cam can 
usually be distinguished from an inlet cam by its contour ; the exhaust 
cam is shghtly wider at the apex, as this valve remains open longer than 
the inlet valve. 

Camrings 

Two camrings are used in radial engines, one for the exhaust and one 
for the inlet valves. Camrings are usually driven indirectly from the 
crankshaft and the valves are operated by push rods and rocker arms. 

Induction Pipes 

Induction pipes convey combustible mixture from the carburetter to 
the various cylinders, and, in addition, act as a fuel-vaporising chamber. 
They are usually constructed of steel piping and shaped according to the 
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design of the engine. The inside of the induction pipes should be as smooth 
as possible in order to avoid skin friction, and very sharp bends should 
be avoided and the pipes kept as symmetrical as possible, so as to prevent 
any restriction or lack of uniformity of the flow of the mixture entering 
the cylinders. Induction pipes for liquid-cooled aero engines are normally 
jacketed and the hot circulating liquid passing through the jackets assists 
in vaporising the fuel. 


Exhaust Manifolds 

Exhaust manifolds conduct the burnt gases from the cylinders to the 
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Fig. 26.—^Exhaust manifold. 

atmosphere, and must do so without risk of setting fire to the aeroplane ; 
they must also lead the gases clear of the pilot and passengers. They 
should be so designed that there is a minimum of back pressure. Short- 
stub pipes are, from an efficiency aspect, the best, as the back pressure 
is reduced to a minimum, the exhaust valves and springs are kept cooler 
by radiation and stub pipes are more easily manufactured. They have 
the disadvantage, however, that when the aeroplane is sideslipping there 
is the possibility of the exhaust valves warping when the cold air impinges 
upon them. This may cause fire besides increasing the back pressure. 
The usual practice is to connect all the exhaust ports to one long exhaust 
manifold which conducts the burnt gases away from the airframe. Such 
manifolds eliminate any possibility of the exhaust valves being warped 
by the ingress of cold ah during aerobatics. 

Oil Pumps 

The necessary pressure for the lubricating system is obtained by a 
pump. There are two mam types, the plunger pump and the spur gear 
pump. The latter is the type in general use for aero engines and can be 
employed either as a pressure or scavenge pump. This pump consists 
of two exactly similar closely meshed spur gears, one of which is power 
driven from the crankshaft. The spur gears are enclosed in a casing 
with a minimum working clearance between the teeth of the gears and 
the casing. The lubricant enters the inlet side of the casing, is carried 
roxmd inside the casing by the teeth and delivered under pressure from 
the outlet side. The teeth of the spur gears revolve towards each other 
on the outlet side. As a tooth 
in mesh does not entirely fill the 
space between the two adjacent 
teeth of the other spur gear, 
some oil is carried back from the 
outlet to the inlet side. This 
reduces the capacity of such 
pumps to a slight extent. 

Liquid Cooling Circulating Pump 

The circulating pump is of 
the centrifugal type in most 
liquid-cooled engines. Such 

pumps consist of a power- 27.—Spue-geab oil pressure pump. 
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driven impeller, the 
blades of which may 
be either curved or 
straight. The 
capacity of the 
pump depends upon 
the number of 
blades extending 
iBrom a common 
centre, usually 
between five and 
ten. The impeller 
is rotated at a 
comparatively high 

speed in a close- n- oo r 

fitting housing with cooling pump. 

an inlet and an outlet port. The inlet port is in the centre of the 
casing and leads the liquid to the middle of the impeller The rotatmo 
blades of the impeller throw the liquid outwards by centrifugal force 
and it passes tlirough the outlet ports, which are set at a tangent 
to the pump casing. Large quantities of liquid can be circulLd 
by such centrifugal pumps, but they are not capable of delivering it 
at high pressure. Circulation of a large volume of liquid per minute at 
low pressures is desirable for the cooling system. 

Superchargers 

The purpose of a supercharger on aero engines is to prevent, as far 
as possible, the falling off in power as height is gained and the density of 
the air decreases. The supercharger forces a greater weight of charge 
into the cylinder than would be induced by normal intake under the 
reduced pressure at altitude; the volume of each charge, of course, remains 
the same. The supercharger generally used on aero engines is a positive- 
driven centrifugal type. It consists of an impeller in a suitable casing, 
and is similar in construction to a liquid circulatiag pump. A super¬ 
charger is normally fitted between the carburetter and the induction 
chambers. The impeller is driven at high speed by suitable gearing from 
the eranlmhaft. The mixture of fuel and air entering the centre of the 
impeller is thrown outwards by centrifugal force into diffuser vanes at 
Mgh velocity. These vanes reduce the velocity of the mixture and 
increase the pressure with which it enters the induction manifold. 

Carburetters 

A carburetter is an apparatus for vapourising and TniViTig the fuel 
with air in the correct proportions to form a combustible mixture. The 
simplest possible carburetter consists of two main parts, a float chamber 
and a jet. 
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Fig . 29. —Simple cabberettee. 

Float Chamber 

A float chamber, with its float mechanism, maintains a constant level 
of fuel in the jet, both for starting and for furnishing a constant supply 
at all times. When the fuel reaches a predetermined level in the float 
chamber the float cuts off the supply automatically by shutting a needle 
valve. The mechanism varies but in most carburetters the needle valve 
is actuated by a hollow metal or cork float. 

Jet Assembly 

A simple single-jet carburetter is suitable for an engine running at a 
specific speed, but is unsuitable for a variable speed engine, because the 
fuel supply increases more rapidly than the flow of air as the engine speed 
is increased and the mixture thus becomes richer and richer. By employ¬ 
ing multiple jets the mixture strength can be kept constant at varying 
engine speeds. This is accomphshed by many methods which are described 
in other articles, 

Venturi Tube 

A venturi tube is incorporated in all carburetters to lower the pressure, 
that is to say, produce a suction above the jet and to assist in atomising 
and mixing the fuel and air. A venturi tube is shown in Fig. 31, the 
narrow end being iaear the jet. As the same quantity of air must pass 
through the narrow part as through the wide part, it must move faster 
and will, therefore, be capable of picking up more fuel. The inside edges 
of the venturi tube are rounded and smooth in order to minimise the 
resistance to the air flow. 

Throttle Valve 

A throttle valve is incorporated in a carburetter to regulate the 
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flow of the mixture to the induction manifold. This enables the engine 
speed and power to be regulated. The throttle valve may be of the butter¬ 
fly valve or of a rotating barrel type. This valve must be simple in 
construction to minimise resistance to the flow of mixture, heavy enough 
to withstand buckling from back firing and be positive in action. An 
independent jet system should be incorporated to supply the mixture 
required for starting the engine, for slow running and for gliding. 

Mixture Control 

Mixture control is important in aero engines, and a device must be 
incorporated which can be, or is, automatically controlled in flight. 
This control must prevent the mixture becoming too rich at high altitudes 
due to the density of the air decreasing. The mixture control decreases 
the fuel supply in relation to the air, as an increase in the volume of air 
to keep the mixture correct can only be obtained by a supercharger. 
There are various methods of controlling the proportions of the mixture, 

but the three most generally used are 
as follows :— 

{a) A fuel-regulating valve under the 
pilot’s control is fitted in the 
supply duct from the float 
chamber to the jet, thus 
enabling. the pilot to control 
the flow of fuel to the jet. 

(6) An air duct, which can be opened 
or closed by a valve under the 
pilot’s control, is led into the 
mixing chamber above the jet. 



Fig^ 31.— ^Venturi Fig. 32. —Throttle 
tube. valve shown 

OPEN. 
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The depression or suction on the jet is decreased when this . 
valve is opened and consequently the flow of fuel through f 
jet is reduced accordingly. 

(c) The air pressure in '^he float chamber is reduced by making an e 
duct between the air-tight float chamber and the mixr 
chamber above the jet, with a valve to open or close it. Wh- 
the air duct is open the pressure in the mixing chamber is eqi 
hsed with that in the float chamber, thus lowering the amount 
fuel drawn through to the jet. 

Details of these methods are explained in Vol. I., p. 95. 

Magnetos 

A high-tension magneto is really a complete ignition system itse^. 
as it performs the necessary function of producing an electric sparl 
without the aid of an outside source. The essential parts of a magnetc 
are a magnet, an armature, a contact breaker and a distributor. No 
electricity is generated when the armature is stationary, that is to say, 
when the engine is not running, the magneto only possesses magnetism. 
The two most common types of magnetos are the rotating armature typ^ 
and the polar inductor type. These types differ in mechanical constructio> 
but their electro-magnetic properties are similar. 

The magnetism in all magnetos is supplied by permanent magnet; 
The armature has a soft iron, laminated core, around which are worn 
the primary and secondary coils or -windings. The primary coil consi 
of a few turns of comparatively thick wire and the secondary coil co-^isi 
of many turns of fine wire. When the armature is revolved at high spe 
between the poles of the permanent magnet the wires of the primary C‘ 
cut the lines of magnetic force ” with great rapidity and an elect] 
current is induced in them. 

Primary Circuit 

For maximum efficiency the wires of the primary circuit should ci 
the magnetic lines of force at right angles, and where there are most ^ 
them, that is across the poles of the magnet. They should cut the linf 
of force as rapidly as possible and the primary wire cutting the magnetr 
lines of force should be as long as possible. As the current of electricit 
produced in the primary coil of wire possesses little pressure or electrc 
motive force (E.M.F.) it cannot overcome any great resistance. A muc 
greater E.M.F. can, however, be obtained by the use of a second coil c 
fine wke. 

The contact breaker is a mechanism which is fitted to one end of th 
armature spindle to stop and start the induced current in the primar 
circuit. It consists of a rocker arm timed to make and break contac 
when the current in the primary circuit is at its maximum value 
The lines of force are, as it were, dragged round by the armature 




